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(54) Title: METHOD FOR DETECTION AND TREATMENT OF BREAST CANCER 
(57) Abstract 

The present invention provides a method of detecting and diagnosing pre-invasive breast cancer by identifying differentially expressed 
genes in early, pre-invasive breast cancer tissue. Differentially expressed genes can be used as genetic markers to indicate the presence 
of pre-invasive cancerous tissues. Microscopically directed tissue sampling techniques combined with differential display or differential 
screening of cDNA libraries are used to determine differential expression of genes in the early stages of breast cancer. Differential 
expression of genes in pre-invasive breast cancer tissue is confirmed by RT-PCR, nuclease protection assays and in-situ hybridization of 
ductal carcinoma in situ tissue RNA and control tissue RNA. The present invention also provides a method of screening for compounds that 
induce expression of the BRCA1 gene, whose product negatively regulates cell growth in both normal and malignant mammary epithlial 
cells. The present invention also relates to gene therapy method using this gene. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BC 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


rr 


Italy 


PL 


Poland 


BR 


Brazil 


jp 


Japan 


FT 


Portugal 


BV 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


C6te d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


LA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 95/19369 



PCT/US95/00608 



0 
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DNA content, occur predominantly * ««*> DOS (Backer e, * .992; Ktfleen e, al 
Ml- .d, KomUowski . al, 1990), which has a rapid rare of .oca! tnvaamn and 
progression «o metastasis. Thus, tee are presendy no reliahie marker genes for non- 
comedo DCIS (NCDCIS, hereafter). 

Cancer in humans appears ,0 be a multi-step process which involves progression 
from pre-malignan, ,0 malignant to metastatic disease which u.timately kins the patient. 
Epidemiol studies in humans have esublished that certain pathologic condruons are 
■•pre-mangnanf because they am associated with increased risk of malignancy. There 
is precedent for detecting and eliminating preinvasive lesions as a cancer prevention 
srategy dysplasia and carcinoma in-sint of the uterine cemx are examples of pre- 
gnancies which have been successfully employed in the prevention of cervnsl 
cancer by cy»logic screening method, Unfortunately, because me breas, cannot be 
sampted as readily as cervix, the development of screening methods for breas, pre- 
gnancy involves more complex approaches man cytomorphologic screemng now 
currently employed to detect cervical cancer. 

Pre-malignant breast disease is also characterized by an apparent morphologtcal 
p^ion from atypical hyperplasias, to carcinoma in-situ (preinvasive cancer) » 
invasive cancer which ultima*!, spreada and- maasusizes resulting in me dead, of me 
patient. CareM histologic examination of breast biopsies has demonstrated 
Lermediate stages which nave acuned some of these cnamceristics but not other, 
Detailed epidemiological sbrdies have established that different morpbologtc !e,o„s 
progress a. different rates, va^ing from arypicai hyperplasia (with a .ow rtsk to 
comedo ducal carcinoma-in-situ whicb progresses to invasive car^r m a mgh 
percentage of patients (London e, a,, 1991; Page e, al, 1982; Page e, al, 1985; Pag 
e, al 1991- and Page et al, 1978). Family history is also an important nsk factor > 
to develo men, of breas, cancar and increases me relative risk of 
.erions (Dupon, et al, 1985; Dupon, et al, 1993; and, I^ndon e, al, .991). Of 
particular interest is non-comedo carcinoma-in-sim which is associated wtth a greater 
L ten-fold increased relative risk of breast cancer comparer! to control groups 
(Ottesenetal, 1992; Page e,al, 1982). Two other reasons besides an increase relative 
risk support tire concept that DCIS is pre-malignantt 1) When breas. cancer occurs tn 
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these patients it regularly occurs in the same region of the same breast where the DCIS 
was found; and 2) DCIS is frequently present in tissue adjacent to invasive breast 
cancer (Ottesen et al, 1992; Schwartz et al, 1992). For these reasons DCIS very likely 
represents a rate-limiting step in the development of invasive breast cancer in women. 

DCIS (sometimes called intraductal carcinoma) is a group of lesions in 
which the cells have grown to completely fill the duct with patterns similar to invasive 
cancer, but do not invade outside the duct or show metastases at presentation. DCIS 
occurs in two forms: comedo DCIS and non-comedo DCIS. Comedo DCIS is often a 
grossly palpable lesion which was probably considered "cancer" in the 19th and early 
20th century and progresses to cancer (without definitive therapy) in at least 50% of 
patients within three years (Ottesen et al, 1992; Page et al, 1982). Most of the 
molecular alterations which have been reported in pre-malignant breast disease have 
been observed in cases of comedo DCIS (Poller et al, 1993; Radford et al, 1993; and, 
Tsuda et al, 1993). Non-comedo DCIS is detected by microscopic analysis of breast 
aspirates or biopsies and is associated with a 10 fold increased risk of breast cancer, 
which corresponds to a 25-30% absolute risk of breast cancer within 15 years (Ottesen 
et al, 1992; Page et al, 1982; and, Ward et al, 1992). 

Widespread application of mammography has changed the relative incidence of 
comedo and non-comedo DCIS such that NCDCIS now represents the predominant 
form of DCIS diagnosed in the United States (Ottesen et al, 1992; Page et al, 1982; and 
Pierce et al, 1992). Both forms of DCIS generally recur as invasive cancer at the same 
site as the pre-malignant lesion (without definitive therapy). The precursor lesions to 
DCIS are probably atypical ductal hyperplasia and proliferative disease without atypia 
which are associated with lower rates of breast cancer development, but show further 
increased risk when associated with a family history of breast cancer (Dupont et al, 
1985; Dupont et al, 1989; Dupont et al, 1993; Lawrence, 1990; London et al, 1991; 
Page'et al, 1982; Page et al, 1985; Page et al, 1991; Page et al, 1978; Simpson et al, 
1992; Solin et al, 1991; Swain, 1992; Weed et al, 1990). 

What is needed, then, is a sensitive method of detection and diagnosis of breast 
cancer when the cancerous cells are still in the pre-invasive stage. To illustrate the 
usefulness in early breast cancer detection of a marker gene and its encoded protein, 
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consider the dramatic impact that prostate specific antigen has had on early stage 
prostate cancer. This method of early detection and diagnosis of breast cancer is 
presently lacking in the prior art. 

Breast cancer occurs in hereditary and sporadic forms. Recently the BRCA 1 
gene has been cloned and shown to be mutated in kindreds with hereditary breast and 
ovarian cancer (Hall et al. 1990, Mild, Y. et al. 1994, Friedman et al. 1994, Castilla 
et al. 1994, Simard et al. 1994). Although 92% of families with two or more cases of 
early-onset breast cancer and two cases of ovarian cancer have germ-line mutations in 
BRCA 1 (Narod et al. in press), the gene has not been shown to be mutated in any 
truly sporadic case to date (Futreal et al. 1994). Despite the surprising paucity of 
somatically acquired mutations in sporadic breast cancer, it is still a likely tumor 
suppressor gene with a key role in breast epithelial cell biology. The BRCA 1 gene 
encodes a protein of 1863 amino acids with a predicted zinc finger domain observed 
in proteins which regulate gene transcription. Until the discovery of the function of the 
BRCA1 gene in conjucntion with the delopment of the present invention, the function 
was unknown. 



DISCLOSURK OF THE INVENTION 

Epidemiologic studies have established that NCDCIS of the breast is associated 
with a ten-fold increased risk of breast cancer (absolute risk of 25-30%). It seems 
likely that this pre-invasive lesion is a determinate precursor of breast cancer because 
the subsequent development of breast cancer is regularly in the same region of the same 
breast in which the NCDCIS lesion was found. Important aspects of the present 
invention concern isolated DNA segments and those isolated DNA segments inserted 
into recombinant vectors encoding differentially expressed marker genes in abnormal 
tissue, specifically in NCDCIS, as compared with those expressed in normal tissue, and 
the creation and use of recombinant host cells through the application of DNA 
technology, which express these differentially expressed marker genes (Sambrooket al, 
1989). 

Because there are no cell lines or animal models which clearly display known 
characteristics of pre-invasive breast disease, human breast tissue samples are essential 
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for studying pre-invasive breast disease. Using human tissue samples, we subsequently 
have developed a method for cDNA cloning from histologically identified lesions in 
human breast biopsies. We have used this method to clone genes which are 
differentially expressed in pre-invasive breast lesions such as NCDCIS lesions as 
compared to genes expressed in normal tissue. The differentially expressed genes 
detected in pre-invasive breast cancer are called marker genes. Identification of marker 
genes for pre-invasive breast disease provides improved methods for detection and 
diagnosis of pre-invasive breast cancer tissue, and further provides marker genes for 
studies of the molecular events involved in progression from pre-invasive to malignant 
breast disease. 

Analysis of marker gene expression in NCDCIS presents the advantage that 
cancerous breast tissue at that stage is non-invasive. Detection and diagnosis of 
NCDCIS by means of differentially expressed marker genes compared to the same 
marker genes in normal breast tissue, would allow a greater ability to detect, prevent 
and treat the disease before it becomes invasive and metastasizes. The stage or 
intermediate condition of NCDCIS is a particularly good candidate for early 
intervention because it is 1) prior to any invasion and thus prior to any threat to life; 
2) it is followed by invasive carcinoma in over 30% of cases if only treated by biopsy; 
and, 3) there is a long "window" of opportunity (4-8 years) approximately before 
invasive neoplasia occurs. Thus, NCDCIS is an ideal target for early diagnosis. While 
these morphologically defined intermediate endpoints have been widely accepted, 
progress in defining the molecular correlates of these lesions has been hampered by an 
inability to identify and sample them in a manner which would allow the application of 

molecular techniques. 

Frozen tissue blocks from breast biopsies were used to construct and screen 
cDNA libraries prepared from NCDCIS tissue, normal breast tissue, breast cancer 
tissue, and normal human breast epithelial cells. Several cDNAs which were 
differentially expressed in human DCIS epithelial cells compared to normal breast 
epithelial cells were cloned and sequenced. One gene which is differentially expressed 
is the M2 subunit of RibRed which is expressed at low levels in human breast epithelial 
cells but at higher levels in 4 out of 5 DCIS tissue samples. It is presumed that the 
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altered morphologic appearance and determinant biologic behavior of DCIS results from 
altered expression of genes (such as RibRed) which is important in the induction of 

breast cancer in humans. 

This invention, therefore, provides a method of detecting and diagnosing pre- 
invasive breast cancer by analyzing marker genes which are differentially expressed in 
non-comedo DCIS cells. Histopathologic studies have demonstrated that these 
morphologic patterns in breast tissue lead to invasive breast cancer in at least 20-30% 
of patients. The present method analyzes gene expression in normal, pre-malignant and 
malignant breast biopsies; and, it allows simultaneous comparison and cloning of 
marker genes which are differentially expressed in pre-invasive breast cancer. These 
marker genes can then be used as probes to develop other diagnostic tests for the early 
detection of pre-invasive breast cancer. 

The present invention concerns DNA segments, isolatable from both normal and 
abnormal human breast tissue, which are free from total genomic DNA. The isolated 
DCIS-1 protein product is the regulatory element of the RibRed enzyme. This and all 
other isolatable DNA segments which are differentially expressed in preinvasive breast 
cancer can be used in the detection, diagnosis and treatment of breast cancer in its 
earliest and most easily treatable stages. As used herein, the term "abnormal tissue" 
refers to pre-invasive and invasive breast cancer tissue, as exemplified by collected 
samples of non-comedo or comedo DCIS tissues. 

As used herein, the term "DNA segment" refers to a DNA molecule which has 
been isolated free of total genomic DNA of a particular species. Therefore, a DNA 
segment encoding a differentially expressed protein (as measured by the expression of 
mRNA) in abnormal tissue refers to a DNA segment which contains differentially 
expressed-coding sequences in abnormal tissue as compared to those expressed in 
normal tissue, yet is isolated away from, or purified free from, total genomic DNA of 
Homo sapiens sapiens. Furthermore, a DNA segment encoding a BRCA1 protein 
refers to a DNA segment which contains BRCA1 coding sequences, yet is isolated away 
from, or purified free from, total genomic DNA of Homo sapiens sapiens. Included 
within the term "DNA segment", are DNA segments and smaller fragments of such 
segments, and also recombinant vectors, including, for example, plasmids, cosmids, 
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phage, viruses, and the like. 

Similarly, a DNA segment comprising an isolated or purified differentially 
expressed gene or comprising an isolated or purified BRCA1 gene refers to a DNA 
segment including differentially expressed coding sequences or BRCAl coding 
sequences isolated substantially away from other naturally occurring genes or protein 
encoding sequences. In this respect, the term "gene" is used for simplicity to refer to 
a functional protein, polypeptide or peptide encoding unit. As will be understood by 
those in the art, this functional term includes both genomic sequences and cDNA 
sequences. "Isolated substantially away from other coding sequences" means that the 
gene of interest, in this case, any differentially expressed marker gene or the BRCAl 
gene, forms the significant part of the coding region of the DNA segment, and that the 
DNA segment does not contain large portions of naturally-occurring coding DNA, such 
as large chromosomal fragments or other functional genes or cDNA coding regions. 
Of course, this refers to the DNA segment as originally isolated, and does not exclude 
genes or coding regions later added to the segment by the hand of man. 

In particular embodiments, the invention concerns isolated DNA segments and 
recombinant vectors incorporating DNA sequences which encode differentially 
expressed genes in pre-invasive breast cancer, each which includes within its amino 
acid sequence an amino acid sequence in accordance with SEQ ID NO:l, SEQ ID 
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID 
NO:7, all seq id no:s 1-7 are derived from non-comedo DCIS samples from Homo 
sapiens sapiens. In other particular embodiments, the invention concerns isolated DNA 
segments and recombinant vectors incorporating DNA sequences which encode the M2 
suburdt of human RibRed that includes within its amino acid sequence the similar amino 
acid sequence of hamster RibRed corresponding to the M2 subunit of hamster RibRed. 

In certain embodiments, the invention concerns isolated DNA segments and 
recombinant vectors which partially or wholly encode a protein or peptide that includes 
within its amino acid sequence an amino acid sequence essentially as partially or wholly 
encoded, respectively, by SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID 
NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7. Naturally, where the DNA 
segment or vector encodes a full length differentially expressed protein, or is intended 
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for use in expressing the differentially expressed protein, the most preferred sequences 
are those which are essentially as set forth in SEQ ID NO:l, SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7 and which 
encode a protein that exhibits differential expression, e.g., as may be determined by the 
differential display or differential sequencing assay, as disclosed herein. 

The term "a sequence essentially as set forth in SEQ ID NO: 1, SEQ ID NO:2, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7" 
means that the sequence substantially corresponds to a portion of SEQ ID NO:l, SEQ 
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID 
NO:7, respectively, and has relatively few nucleotides which are not identical to, or a 
biologically functional equivalent of, the nucleotides of the respective SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ 
ID NO:7. The term "biologically functional equivalent" is well understood in the art 
and is further defined in detail herein, for example see pages 24 through 25. 
Accordingly, sequences which have between about 70% and about 80%; or more 
preferably, between about 81% and about 90%; or even more preferably, between 
about 91% and about 99%; of amino acids which are identical or functionally 
equivalent to the amino acids of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ED NO:7 will be sequences which 
are "essentially as set forth in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID 
NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7", respectively. 

In particular embodiments, the invention concerns a drug screening method and 
a gene therapy method that use isolated DNA segments and recombinant vectors 
incorporating DNA sequences which encode a protein that includes within its amino 
acid sequence an amino acid sequence in accordance with SEQ ID NO:49, SEQ ID 
NO:49 derived from breast tissue from Homo sapiens. In other particular 
embodiments, the invention concerns isolated DNA sequences and recombinant DNA 
vectors incorporating DNA sequences wich encode a protein taht includes with its 
amino acid sequence the amino acid sequence of the BRCA1 gene product from human 
breast tissue. 
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In certain embodiments, the invention concerns methods using isolated DNA 
segments and recombinant vectors which partially or wholly encode a protein or peptide 
that includes within its amino acid sequence an amino acid sequence essentially as set 
forth in SEQ ID NO:49. Naturally, where the DNA segment or vector encodes a full 
length BRCA1 protein, or is intended for use in expressing the BRCA1 protein, the 
most preferred sequences are those which are essentially as set forth in SEQ ID NO:47 
and which encode a protein that retains activity as a negative growth regulator in human 
breast cells, as may be determined by antisense assay, as disclosed herein. 

The term "a sequence essentially as set forth in SEQ ID NO:l, SEQ ID NO:2, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7" 
means that the sequence substantially corresponds to a portion of SEQ ID NO: 1, SEQ 
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID 
NO:7, respectively, and has relatively few nucleotides which are not identical to, or a 
biologically functional equivalent of, the nucleotides of the respective SEQ ID NO:l, 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ 
ID NO:7. The term "biologically functional equivalent" is weU understood in the art 
and is further defined in detail herein, for example see pages 24 through 25. 
Accordingly, sequences which have between about 70% and about 80%; or more 
preferably, between about 81% and about 90%; or even more preferably, between 
about 91% and about 99%; of amino acids which are identical or functionally 
equivalent to the amino acids of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7 will be sequences which 
are "essentially as set forth in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID 
NO:4, SEQ ID NO:5, SEQ ID NO:6, or SEQ ID NO:7", respectively. 

The term "a sequence essentially as set forth in SEQ ID NO:49" means that the 
sequence substantially corresponds to a portion of SEQ ID NO:49 and has relatively 
few amino acids which are not identical to, or a biologically functional equivalent of, 
the nucleotides of SEQ ID NO:49. The term "biologically functional equivalent" is 
well understood in the art and is further defined in detail herein, for example see pages 
24 through 25. Accordingly, sequences which have between about 70% and about 
80%; or more preferably, between about 81% and about 90%; or even more 
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preferably, between about 91% and about 99%; of amino acids which are identical or 
functionally equivalent to the amino acids of SEQ ID NO:49 will be sequences which 
are "essentially as set forth in SEQ ID NO:49". 

In certain other embodiments, the invention concerns isolated DNA segments 
and recombinant vectors that include within their sequence a nucleic acid sequence 
essentially as set forth in SEQ ID NO: 1 , SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, 
SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7. The term "essentially as set forth 
in SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ 
ID NO:6, and SEQ ID NO:7" is used in the same sense as described above and means 
that the nucleic acid sequence substantially corresponds to a portion of SEQ ID NO: 1, 
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ 
ID NO:7, respectively, and has relatively few codons which are not identical, or 
functionally equivalent, to the codons of SEQ ID NO: 1 , SEQ ID NO:2, SEQ ID NO:3, 
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7, respectively. 
Again, DNA segments which encode proteins exhibiting differential expression will be 
most preferred. The term "functionally equivalent codon" is used herein to refer to 
codons that encode the same amino acid, such as the six codons for arginine or serine, 
and also refers to codons that encode biologically equivalent amino acids (see Figure 
8). 

In certain other embodiments, the invention concerns a method for screening 
drugs and a gene therapy method which involve the use of isolated DNA segments and 
recombinant vectors that include within their sequence a nucleic acid sequence 
essentially as set forth in SEQ ID NO:47 and SEQ ID NO:48. The term "essentially 
as set forth in SEQ ID NO:47 and SEQ ID NO:48" is used in the same sense as 
described above and means that the nucleic acid sequence substantially corresponds to 
a portion of SEQ ID NO:47 and SEQ ID NO:48 respectively, and has relatively few 
codons which are not identical, or functionally equivalent, to the codons of SEQ ID 
NO:47 and SEQ ID NO:48, respectively. Again, DNA segments which encode 
proteins exhibiting the negative regulatory activity of the BRCA1 will be most 
preferred. The term "functionally equivalent codon" is used herein to refer to codons 
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that encode the same amino acid, such as the six codons for arginine or serine, and also 
refers to codons that encode biologically equivalent amino acids (see Figure 8). 

It will also be understood that amino acid and nucleic acid sequences may 
include additional residues, such as additional N- or C-terminal amino acids or 5' or 
3' sequences, and yet still be essentially as set forth in one of the sequences disclosed 
herein, so long as the sequence meets the criteria set forth above, including the 
maintenance of biological protein activity where protein expression is concerned. The 
addition of terminal sequences particularly applies to nucleic acid sequences which may, 
for example, include various non-coding sequences flanking either of the 5' or 3' 
portions of the coding region or may include various internal sequences, i.e. , introns, 
which are known to occur within genes. 

Excepting intronic or flanking regions, and allowing for the degeneracy of the 
genetic code, sequences which have between about 20% and about 50%; or more 
preferably, between about 50% and about 70%; or even more preferably, between 
about 70% and about 99%; of nucleotides which are identical to the nucleotides of SEQ 
ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, and SEQ ID NO:7 will be sequences which are "essentially as set forth in SEQ 
ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, and SEQ ID NO:7", respectively. Sequences which are essentially the same as 
those set forth in SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 
ID NO:5, SEQ ID NO:6, and SEQ ID NO:7 may also be functionally defined as 
sequences which are capable of hybridizing to a nucleic acid segment containing the 
complement of SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID 
NO:5, SEQ ID NO:6, and SEQ ID NO:7, respectively, under relatively stringent 
conditions. Suitable relatively stringent hybridization conditions will be well known to 
those of skill in the art (Sambrook et al, 1989). 

Excepting intronic or flanking regions, and allowing for the degeneracy of the 
genetic code, sequences which have between about 20% and about 50%; or more 
preferably, between about 50% and about 70%; or even more preferably, between 
about 70% and about 99%; of nucleotides which are identical to the nucleotides of SEQ 
ID NO:47 and SEQ ID NO:48 will be sequences which are "essentially as set forth in 
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SEQ ID NO:47 and SEQ ID NO:48", respectively. Sequences which are essentially 
the same as those set forth in SEQ ID NO:47 and SEQ ID NO:48 may also be 
functionally defined as sequences which are capable of hybridizing to a nucleic acid 
segment containing the complement of SEQ ID NO:47 and SEQ ID NO:48, 
respectively, under relatively stringent conditions. Suitable relatively stringent 
hybridization conditions will be well known to those of skill in the art (Sambrook et al, 
1989). 

It is also important to understand the molecular events which lead to progression 
from pre-invasive to invasive breast cancer. Breast cancer is a disease that is presumed 
to involve a series of genetic alterations that confer increasing growth independence and 
metastatic capability on somatic cells. Identifying the molecular events that lead to the 
initial development of a neoplasm is therefore critical to understanding the fundamental 
mechanisms by which tumors arise and to the selection of optimal targets for gene 
therapy and chemopreventive agents. As intermediate endpoints in neoplastic 
development, some pre-malignant breast lesions represent important, and possibly 
rate-limiting steps in the progression of human breast cancer, and careful 
epidemiological studies have established the relative risk for breast cancer development 
for specific histologic lesions. In particular, invasive breast cancer develops in the 
region of the previous biopsy site in at least 25-30% of patients following diagnosis of 
non-comedo DCIS providing strong evidence that this pre-malignant lesion is a 
determinant event in breast cancer progression. While these morphologically defined 
intermediate endpoints have been widely accepted, progress in defining the molecular 
correlates of these lesions has been hampered by an inability to identify and sample 
them in a manner which would allow the application of molecular techniques. 

The present invention includes a comparison of gene expression between 
multiple breast tissue biopsy samples as a means to identify differentially expressed 
genes in pre-malignant breast disease compared with normal breast tissue. These 
genetic markers should be extremely useful reagents for early diagnosis of breast 
cancer, and for the delineation of molecular events in progression of breast cancer. 

Identification of gene markers which are expressed in the majority of pre- 
invasive breast cancer tissue samples involves cDNA library preparation from both 
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normal and abnormal tissue. This is followed by either a modified differential display 
method or a differential screening method to identify differential expression of genes 
which is subsequently confirmed by RT-PCR, nuclease protection assays and in situ 
hybridization of DCIS tissue RNA and control tissue RNAs (Sambrook et al, 1989). 
Use of genetic engineering methods can bias the screening to specifically identify genes 
whose encoded proteins are secreted or are present at the cell surface, in order to find 
proteins which will be useful markers for diagnostic blood tests (secreted proteins) or 
for diagnostic imaging studies (cell surface proteins). 

Thus, the method of the present invention begins with the collection of at least 
one tissue sample by a microscopically-directed collection step in which a punch biopsy 
is obtained exclusively from abnormal tissue which exhibits histological or cytological 
characteristics of pre-invasive breast cancer. Preferably, the sample site will be an 
isolatable tissue structure, such as ductal epithelial cells from pre-invasive breast 
cancer tissue. The mRNA is purified from the sample. Then, a cDNA library is 
prepared from the mRNA purified from the abnormal tissue sample (Sambrook et al, 
1989). 

A normal tissue sample is then obtained from the patient, using a sample site 
from an area of tissue which does not exhibit histological or cytological characteristics 
of pre-invasive cancer. A cDNA library is also prepared from this normal tissue 
sample. 

The abnormal tissue cDNA library can then be compared with the normal tissue 
cDNA library by differential display or differential screening to determine whether the 
expression of at least one marker gene in the abnormal tissue sample is different from 
the expression of the same marker gene in the normal tissue sample. 

Further diagnostic steps can be added to the method by cloning the marker gene 
using sequence-based amplification to create a cloned marker gene which can then be 
DNA-sequenced in order to derive the protein sequence. The protein sequence is then 
used to generate antibodies which will recognize these proteins by antibody recognition 
of the antigen. The presence of the antibody-recognized antigen can then be detected 
by means of conventional medical diagnostic tests. 
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This invention also includes methods of screening for compounds and gene 
therapy methods using the BRCA1 gene. BRCA1 mRNA is expressed at 5-10 fold 
higher levels in normal mammary tissue than in invasive breast cancer samples. 
Having demonstrated that mRNA expression levels of BRCA1 are higher in normal 
mammary cells than in cancer cells, antisense methods were used to test the hypothesis 
that BRCA1 expression inhibits cell growth. These tests showed that diminished 
expression of BRCA1 increased the proliferative rate of breast cells. 

An object of the present invention, then, is to provide a method of early 
detection of pre-invasive breast cancer in human tissue. 

It is a further object of this invention to identify early marker genes for pre- 
invasive breast disease which can be used in screening methods for early pre-invasive 
breast cancer. 

It is also an object of this invention to produce a cDNA library from pre- 
invasive breast cancer tissue resulting in a permanent genetic sample of that pre- 
invasive breast cancer tissue. 

It is also an object of this invention to provide a drug or biological screening 
method using the BRCA 1 promoter region and gene therapy method using the BRCA 
1 gene. 

T i«t nf Abbreviations 
TPA Phorbol 12-myristate 13-acetate 

MC p_7 An immortalized cell line derived from a metastasis of 

human breast cancer 

HMEC a primary (non-immortalized) cell line derived from 

breast epithelial cells obtained during reduction 
mammoplasty 

DCIS Ductal Carcinoma-in-situ 

NCDC Non-Comedo Ductal Carcinoma in situ 

cDNA Complementary DNA obtained from an RNA template 

E>na Deoxyribonucleic Acid 

RT-PCR Reverse Transcriptase-Polymerase Chain Reaction 

RibRed Ribonucleotide Reductase 
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Fig. 1 shows Table I which describes anatomic lesion types in the human breast 
with pre-malignant implication. 

Fig. 2 shows a model for pre-malignant conditions, highlighting magnitude of 

risk for progression to clinical malignancy. 

Fig. 3 contains color photos of DCIS tissue, before (upper left panel) and after 
microscopically-directed excisional punch biopsy (upper right panel). The lower panels 
show tissue samples of normal breast tissue Cower left panel), and invasive breast 

cancer (lower right panel). 

Fig. 4 shows expression of collagen III mRNA in tissue mRNA samples, 

analyzed by RNase protection assay methods. 

Fig. 5 shows differential display of cDNAs obtained from patient tissue samples 

and controls. 

Fig. 6 shows a comparison of the sequence between DCIS-1 and the human and 
hamster genes. 

Fig. 7 shows expression of DCIS-1 mRNA in tissue mRNA samples analyzed 
by RNase protection assay as described. in the legend to Figure 4. 

Fig. 8 is Table II which displays the genetic code. 

Fig. 9 is a Table which lists differentially expressed marker genes. 

Figs. 10A and 10B shows expression of BRCA1 mRNA during breast cancer 
progression by PCR detection and nuclease protection assay, respectively. 

Figs. 11 A and 1 IB is a comparison of BRCA1 expression in normal breast and 
invasive breast cancer using nuclease protection assay of RNA, respectively. 

Figs. 12A, 12B, and 12C show that antisense inhibition of BRCA1 accelerates 

mammary cell proliferation. 

Figs. 13A and 13B includes a Northern blot of mRNA and nuclear runon studies 
that show that ribonucleotide reductase M2 mRNA is cell cycle regulated in MCF-7 
cells. 

Fig. 14 includes a nuclease protection assay that shows that antisense inhibition 
of BRCA1 in human mammary cells decreases BRCA1 mRNA and increases 
ribonucleotide reductase mRNA. 
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UTILITY STATEMENT 

The detection of differentially expressed genes in pre-invasive breast tissue, 
specifically in non-comedo ductal carcinoma in situ as compared to genes expressed in 
normal tissue, is useful in the diagnosis, prognosis and treatment of human breast 
cancer. Such differentially expressed genes are effective marker genes indicating the 
significantly increased risk of breast cancer in a patient expressing these differentially 
expressed marker genes. These marker genes are useful in the detection, early 
diagnosis, and treatment of breast cancer in humans. 

The discovery of the function of the BRCA 1 gene has broad utility including, 
in the present invention, development of methods to treat familial and sporadic breast 
cancers as well as screen for therapeutic drugs through production of important 
indicator compounds. 

ACTIVITY STATEMENT 

Of the differentially expressed genes described in this invention, DCIS-1 
encodes a gene similar to the M2 subunit of hamster ribonucleotide reductase. The 
M2 subunit of ribonucleotide reductase (RibRed, hereafter) is responsible for regulation 
of RibRed. The differential levels of expression of the marker genes described in this 
invention (Seq ID No.s 1-7), indicate genetic changes which have been linked to the 
presence of pre-invasive breast cancer. 

The BRCA1 gene (Seq. ID No. 47) is differentially expressed in invasive breast 
cancer cells. The BRCA1 gene product is a negative regulator of mammary cell 
proliferation which is expressed at diminished levels in sporadic breast cancer. 

BEST MODE EH* CARRYING 01 IT THF. INV ENTION 

For the purposes of the subsequent description, the following definitions will be 

used: 

Nucleic acid sequences which are "complementary" are those which are capable 
of base-pairing according to the standard Watson-Crick complementarity rules. That 
is, that the larger purines will always base pair with the smaller pyrimidines to form 
only combinations of Guanine paired with Cytosine (G:C) and Adenine paired with 
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either Thymine (A:T) in the case of DNA or Adenine paired with Uracil (A:U) in the 
case of RNA. 

"Hybridization techniques" refer to molecular biological techniques which 
involve the binding or hybridization of a probe to complementary sequences in a 
polynucleotide. Included among these techniques are northern blot analysis, southern 
blot analysis, nuclease protection assay, etc. 

"Hybridization" and "binding" in the context of probes and denatured DNA are 
used interchangeably. Probes which are hybridized or bound to denatured DNA are 
aggregated to complementary sequences in the polynucleotide. Whether or not a 
particular probe remains aggregated with the polynucleotide depends on the degree of 
complementarity, the length of the probe, and the stringency of the binding conditions. 
The higher the stringency, the higher must be the degree of complementarity and/or the 
longer the probe. 

"Probe" refers to an oligonucleotide or short fragment of DNA designed to be 
sufficiently complementary to a sequence in a denatured nucleic acid to be probed and 
to be bound under selected stringency conditions. 

"Label" refers to a modification to the probe nucleic acid that enables the 
experimenter to identify the labeled nucleic acid in the presence of unlabeled nucleic 
acid. Most commonly, this is the replacement of one or more atoms with radioactive 
isotopes. However, other labels include covalently attached chromophores, fluorescent 
moeities, enzymes, antigens, groups with specific reactivity, chemiluminescent 
moeities, and electrochemically detectable moeities, etc. 

"Marker gene" refers to any gene selected for detection which displays 
differential expression in abnormal tissue as opposed to normal tissue. It is also 
referred to as a differentially expressed gene. 

"Marker protein" refers to any protein encoded by a "marker gene" which 
protein displays differential expression in abnormal tissue as opposed to normal tissue. 

"Tissuemizer" describes a tissue homogenization probe. 

"Abnormal tissue" refers to pathologic tissue which displays cytologic, 
histologic and other defining and derivative features which differ from that of normal 
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tissue. This includes in the case of abnormal breast tissue, among others, pre-invasive 
and invasive neoplasms. 

"Normal tissue" refers to tissue which does not display any pathologic traits. 

"PCR technique" describes a method of gene amplification which involves 
sequenced-based hybridization of primers to specific genes within a DNA sample (or 
library) and subsequent amplification involving multiple rounds of annealing, elongation 
and denaturation using a heat-stable DNA polymerase. 

"RT-PCR" is an abbreviation for reverse transcriptase-polymerase chain 
reaction. Subjecting mRNA to the reverse transcriptase enzyme results in the 
production of cDNA which is complementary to the base sequences of the mRNA. 
Large amounts of selected cDNA can then be produced by means of the polymerase 
chain reaction which relies on the action of heat-stable DNA polymerase produced by 
Thermus aquaticus for its amplification action. 

"Microscopically-directed" refers to the method of tissue sampling by which the 
tissue sampled is viewed under a microscope during the sampling of that tissue such 
that the sampling is precisely limited to a given tissue type, as the investigator requires. 
Specifically, it is a collection step which involves the use of a punch biopsy instrument. 
This surgical instrument is stereotactically manually-directed to harvest exclusively from 
abnormal tissue which exhibits histologic or cytologic characteristics of pre-invasive 
cancer. The harvest is correlated with a companion slide, stained to recognize the 
target tissue. 

"Differential display" describes a method in which expressed genes are 
compared between samples using low stringency PCR with random oligonucleotide 
primers. 

"Differential screening" describes a method in which genes within cDNA 
libraries are compared between two samples by differential hybridization of cDNAs to 
probes prepared from each library. 

"Nuclease protection assay" refers to a method of RNA quantitation which 
employs strand specific nucleases to identify specific RNAs by detection of duplexes. 

"Differential expression" describes the phenomenon of differential genetic 
expression seen in abnormal tissue in comparison to that seen in normal tissue. 
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"Isolatable tissue structure" refers to a tissue structure which when visualized 
microscopically or otherwise is able to be isolated from other different surrounding 
tissue types. 

>In situ hybridization of RNA" refers to the use of labeled DNA probes 
employed in conjunction with histological sections on which RNA is present and with 
which the labeled probe can hybridize allowing an investigator to visualize the location 
of the specific RNA within the cell. 

"Comedo DCIS cells" refers to cells comprising an in situ lesion with the 

combined features of highest grade DCIS. 

"Non-comedo DCIS cells" refers to cells of DCIS lesions without comedo 

features. 

"Cloning" describes separation and isolation of single genes. 

"Sequencing" describes the determination of the specific order of nucleic acids 

in a gene or polynucleotide. 

The present invention provides a method for detecting and diagnosing cancer by 
analyzing marker genes which are differentially expressed in early, pre-invasive breast 
cancer, specifically in non-comedo DCIS cells. Our histopathologic studies have 
demonstrated that certain morphologic patterns in breast tissue are pre-malignant, 
leading to invasive breast cancer in at least 20-30% of patients. We have developed 
a new method for analyzing gene expression in normal, pre-malignant and malignant 
breast biopsies which allows simultaneous comparison and cloning of marker genes 
which are differentially expressed in pre-invasive breast cancer. These marker genes 
(which appear as differentially expressed genes in pre-invasive breast cancer) can be 
used as probes to develop diagnostic tests for the early detection of pre-invasive breast 
cancer (Sambrook, 1989). 

The present invention thus comprises a method of identification of marker genes 
which are expressed in the majority of pre-invasive breast cancer tissue samples. It 
involves cDNA library preparation followed by a modified differential display method. 
Use of genetic engineering methods (Sambrook, 1989) can bias the screening to 
specifically identify genes whose encoded proteins are secreted or are present at the cell 
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surface, in order to find proteins which will be useful markers for diagnostic blood tests 
(secreted proteins) or for diagnostic imaging studies (cell surface proteins). 

Naturally, the present invention also encompasses DNA segments which are 
complementary, or essentially complementary, to the sequence set forth in SEQ ID 
NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, 
SEQ ID NO:7, SEQ ID NO:47 and SEQ ID NO:48. Nucleic acid sequences which are 
"complementary" are those which are capable of base-pairing according to the standard 
Watson-Crick complementarity rules. As used herein, the term "complementary 
sequences" means nucleic acid sequences which are substantially complementary, as 
may be assessed by the same nucleotide comparison set forth above, or as defined as 
being capable of hybridizing to the nucleic acid segment of SEQ ID NO:l, SEQ ID 
NO:2, SEQ ID NO:3 t SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO: 6, SEQ ID NO:7, 
SEQ ID NO:47 and SEQ ID NO:48 under relatively stringent conditions such as those 
described herein. 

The nucleic acid segments of the present invention, regardless of the length of 
the coding sequence itself, may be combined with other DNA sequences, such as 
promoters, polyadenylation signals, additional restriction enzyme sites, multiple cloning 
sites, other coding segments, and the like, such that their overall length may vary 
considerably. It is therefore contemplated that a nucleic acid fragment of almost any 
length may be employed, with the total length preferably being limited by the ease of 
preparation and use in the intended recombinant DNA protocol. For example, nucleic 
acid fragments may be prepared which include a short stretch complementary to SEQ 
ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID 
NO:6, SEQ ID NO:7, SEQ ID NO:47 and SEQ ID NO:48, such as about 10 
nucleotides, and which are up to 10,000 or 5,000 base pairs in length, with segments 
of 500 being preferred in most cases. DNA segments with total lengths of about 1,000, 
500, 200, 100 and about 50 base pairs in length are also contemplated to be useful. 

It will also be understood that this invention is not limited to the particular 
nucleic acid and amino acid sequences of SEQ ID NO:l, SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO;6, SEQ ID NO:7, SEQ ID NO:47, 
SEQ ID NO:48, and SEQ ID NO:49. Recombinant vectors and isolated DNA 
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segments may therefore variously include the differentially expressed coding regions 
or the BRCAI coding regions themselves, coding regions bearing selected alterations 
or modifications in the basic coding region, or they may encode larger polypeptides 
which nevertheless include differentially expressed-coding regions and the BRCAI 
coding regions or may encode biologically functional equivalent proteins or peptides 
which have variant amino acids sequences. 

The DNA segments of the present invention encompass biologically functional 
equivalent differentially expressed proteins and peptides biologically functional 
equivalent proteins of BRCAI. Such sequences may arise as a consequence of codon 
redundancy and functional equivalency which are known to occur naturally within 
nucleic acid sequences and the proteins thus encoded. Alternatively, functionally 
equivalent proteins or peptides may be created via the application of recombinant DNA 
technology, in which changes in the protein structure may be engineered, based on 
considerations of the properties of the amino acids being exchanged. Changes designed 
by man may be introduced through the application of site-directed mutagenesis 
techniques, e.g. , to introduce improvements to the antigenicity of the protein or to test 
site-directed mutants or others in order to examine carcinogenic activity of the 
differentially expressed marker genes at the molecular level. 

If desired, one may also prepare fusion proteins and peptides, e.g., where the 
differentially expressed marker gene coding regions are aligned within the same 
expression unit with other proteins or peptides having desired functions, such as for 
purification or immunodetection purposes (e.g., proteins which may be purified by 
affinity chromatography and enzyme label coding regions, respectively). 

Recombinant vectors form important further aspects of the present invention. 
Particularly useful vectors are contemplated to be those vectors in which the coding 
portion of the DNA segment is positioned under the control of a promoter. The 
promoter may be in the form of the promoter which is naturally associated with a 
RIBRED gene, e.g., in human cells, as may be obtained by isolating the 5' non-coding 
sequences located upstream of the coding segment or exon, for example, using 
recombinant cloning and/or PCR technology, in connection with the compositions 
disclosed herein. 
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In other embodiments, it is contemplated that certain advantages will be gained 
by positioning the coding DNA segment under the control of a recombinant, or 
heterologous, promoter. As used herein, a recombinant or heterologous promoter is 
intended to refer to a promoter that is not normally associated with a differentially 
expressed marker gene or the BRCA1 gene in its natural environment. Such promoters 
may include MMTV promoters normally associated with other genes, and/or promoters 
isolated from any other bacterial, viral, eukaryotic, or mammalian cell. Naturally, it 
will be important to employ a promoter that effectively directs the expression of the 
DNA segment in the cell type chosen for expression. The use of promoter and cell 
type combinations for protein expression is generally known to those of skill in the art 
of molecular biology, for example, see Sambrook et al. (1989). The promoters 
employed may be constitutive, or inducible, and can be used under the appropriate 
conditions to direct high level expression of the introduced DNA segment, such as is 
advantageous in the large-scale production of recombinant proteins or peptides. 
Appropriate promoter systems contemplated for use in high-level expression include, 
but are not limited to appropriate bacterial promoters. 

As mentioned above, in connection with expression embodiments to prepare 
recombinant differentially expressed marker gene encoded proteins and peptides, it is 
contemplated that longer DNA segments will most often be used, with DNA segments 
encoding the entire differentially expressed protein or subunit being most preferred. 
However, it will be appreciated that the use of shorter DNA segments to direct the 
expression of differentially expressed peptides or epitopic core regions, such as may 
be used to generate anti-marker protein antibodies, also falls within the scope of the 
invention (Harlow et al, 1988). 

DNA segments which encode peptide antigens from about 15 to about 50 
amino acids in length, or more preferably, from about 15 to about 30 amino acids in 
length are contemplated to be particularly useful. The C terminus of proteins provide 
an excellent region for peptide antigen recogition (Harlow et al, 1988). DNA segments 
encoding peptides will generally have a minimum coding length in the order of about 
45 to about 147, or to about 90 nucleotides. DNA segments encoding partial length 
peptides may have a minimum coding length in the order of about 50 nucleotides for 
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a polypeptide in accordance with seq id no:3, or about 264 nucleotides for a 
polypeptide in accordance with SEQ ID NO: 1. 

In addition to their use in directing the expression of the differentially expressed 
marker proteins, the nucleic acid sequences disclosed herein also, have a variety of other 
uses. For example, they also have utility as probes or primers in nucleic acid 
hybridization embodiments. As such, it is contemplated that oligonucleotide fragments 
corresponding to the sequences of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ 
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7 for stretches of between 
about 10 to 15 nucleotides and about 20 to 30 nucleotides will find particular utility. 
Longer complementary sequences, e.g., those of about 40, 50, 100, 200, 500, 1000, 
and even up to full length sequences of about 2,000 nucleotides in length, will also be 
of use in certain embodiments. 

The ability of such nucleic acid probes to specifically hybridize to differentially 
expressed marker gene sequences will enable them to be of use in detecting the 
presence of complementary sequences in a given sample. However, other uses are 
envisioned, including the use of the sequence information for the preparation of mutant 
species primers, or primers for use in preparing other genetic constructions. 

Nucleic acid molecules having stretches of 20, 30, 50, or even of 500 
nucleotides or so, complementary to SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, 
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7 are particularly 
contemplated as hybridization probes for use in, e.g., Southern and Northern blotting. 
This would allow differentially expressed structural or regulatory genes to be analyzed, 
both in patients and sample tissue from pre-invasive and invasive breast tissue. The 
total size of fragment, as well as the size of the complementary stretch(es), will 
ultimately depend on the intended use or application of the particular nucleic acid 
segment. Smaller fragments will generally find use in hybridization embodiments, 
wherein the length of the complementary region may be varied, such as between about 
10 and about 100 nucleotides, but larger complementary stretches of up to about 300 
nucleotides may be used, according to the length complementary sequences one wishes 
to detect. 
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Nucleic Acid Hybridization 

The use of a hybridization probe of about 10 nucleotides in length allows the 
formation of a duplex molecule that is both stable and selective. Molecules having 
complementary sequences over stretches greater than 10 bases in length are generally 
preferred, though, in order to increase stability and selectivity of the hybrid, and 
thereby improve the quality and degree of specific hybrid molecules obtained. One will 
generally prefer to design nucleic acid molecules having gene-complementary stretches 
of 15 to 20 nucleotides, or even longer where desired. 

Hybridization probes may be selected from any portion of any of the sequences 
disclosed herein. All that is required is to review the sequences set forth in SEQ ID 
NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, 
and SEQ ID NO:7 and to select any continuous portion of one of the sequences, from 
about 10 nucleotides in length up to and including the full length sequence, that one 
wishes to utilise as a probe or primer. The choice of probe and primer sequences may 
be governed by various factors, such as, by way of example only, one may wish to 
employ primers from towards the termini of the total sequence, or from the ends of the 
functional domain-encoding sequences, in order to amplify further DNA; one may 
employ probes corresponding to the entire DNA, or to the 5' region, to clone marker- 
type genes from other species or to clone further marker-like or homologous genes 
from any species including human; and one may employ randomly selected, wild-type 
and mutant probes or primers with sequences centered around the RibRed M2 subunit 
encoding sequence to screen DNA samples for differentially expressed levels of 
RibRed, such as to identify human subjects which may be expressing differential levels 
of RibRed and thus may be susceptible to breast cancer. 

The process of selecting and preparing a nucleic acid segment which includes 
a sequence from within SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, 
SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7 may alternatively be described as 
"preparing a nucleic acid fragment". Of course, fragments may also be obtained by 
other techniques such as, e.g., by mechanical shearing or by restriction enzyme 
digestion. Small nucleic acid segments or fragments may be readily prepared by, for 
example, directly synthesizing the fragment by chemical means, as is commonly 
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practiced using an automated oligonucleotide synthesizer. Also, fragments may be 
obtained by application of nucleic acid reproduction technology, such as the PCR 
technology of U.S. Patent 4,603,102 (incorporated herein by reference), by introducing 
selected sequences into recombinant vectors for recombinant production, and by other 
recombinant DNA techniques generally known to those of skill in the art of molecular 
biology. 

Accordingly, the nucleotide sequences of the invention may be used for their 
ability to selectively form duplex molecules with complementary stretches of 
differentially expressed marker genes or cDNAs. Depending on the application 
envisioned, one will desire to employ varying conditions of hybridization to achieve 
varying degrees of selectivity of probe towards target sequence. For applications 
requiring high selectivity, one will typically desire to employ relatively stringent 
conditions to form the hybrids, e.g., one will select relatively low salt and\or high 
temperature conditions, such as provided by 0.02M-0.15M NaCl at temperatures of 
50°C to 70°C. Such selective conditions tolerate little, if any, mismatch between the 
probe and the template or target strand, and would be particularly suitable for isolating 
specific differentially expressed marker genes. 

Of course, for some applications, for example, where one desires to prepare 
mutants employing a mutant primer strand hybridizied to an underlying template or 
where one seeks to isolate marker gene sequences from related species, functional 
equivalents, or the like, less stringent hybridization conditions will typically be needed 
in order to allow formation of the heteroduplex. In these circumstances, one may 
desire to employ conditions such as 0.15M-0.9M salt, at temperatures ranging from 
20°C to 55°C. Cross-hybridizing species can thereby be readily identified as positively 
hybridizing signals with respect to control hybridizations. In any case, it is generally 
appreciated that conditions can be rendered more stringent by the addition of increasing 
amounts of formamide, which serves to destabilize the hybrid duplex in the same 
manner as increased temperature. Thus, hybridization conditions can be readily 
manipulated, and thus will generally be a method of choice depending on the desired 
results. 
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In certain embodiments, it will be advantageous to employ nucleic acid 
sequences of the present invention in combination with an appropriate means, such as 
a label, for determining hybridization. A wide variety of appropriate indicator means 
are known in the art, including fluorescent, radioactive, enzymatic or other ligands, 
such as avidin/biotin, which are capable of giving a detectable signal. In preferred 
embodiments, one will likely desire to employ a fluorescent label or an enzyme tag, 
such as urease, alkaline phosphatase or peroxidase, instead of radioactive or other 
environmental undesirable reagents. In the case of enzyme tags, colorimetric indicator 
substrates are known which can be employed to provide a means visible to the human 
eye or spectrophotometrically, to identify specific hybridization with complementary 
nucleic acid-containing samples. 

In general, it is envisioned that the hybridization probes described herein will 
be useful both as reagents in solution hybridization as well as in embodiments 
employing a solid phase. In embodiments involving a solid phase, the test DNA (or 
RNA) is adsorbed or otherwise affixed to a selected matrix or surface. This fixed, 
single-stranded nucleic acid is then subjected to specific hybridization with selected 
probes under desired conditions. The selected conditions will depend on the particular 
circumstances based on the particular criteria required (depending, for example, on the 
G+C contents, type of target nucleic acid, source of nucleic acid, size of hybridization 
probe, etc.). Following washing of the hybridized surface so as to remove 
nonspecifically bound probe molecules, specific hybridization is detected, or even 
quantified, by means of the label. (Sambrook et al, 1989). 

In a preferred embodiment of the method, certain preliminary procedures are 
necessary to prepare the sample tissue and the probes before the detection of differential 
expression of marker genes in abnormal tissue as compared to that in normal tissue can 
be accomplished. 

SAMPLE PREPARATION 

RNA purification 

RNA was isolated from frozen tissue samples by mincing of microdisected 
frozen tissue fragments with a razor blade and then adding 800 microliter of 5.6M 
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guanidinium to increase mixing, followed by a 30 second microcentrifuge centrifugation 
at 14,000 rpm to remove particulate matter. The supernatant was then removed and 
the viscosity was reduced by multiple aspirations through a 22 gauge needle and then 
200 ul of chloroform was added and the sample was incubated on ice for 15 minutes 
(during this time the sample was vortexed multiple times). Following incubation with 
chloroform, the sample was centrifuged for 15 minutes at 14,000 rpm and the aqueous 
layer was removed and ethanol precipitated. This extraction method produces RNA 
which is primarily derived from cells of epithelial origin. In order to obtain RNA 
samples which presumably includes RNA derived from these stromal cells; the 
particulate material (remaining in the pellet from the 30 second centrifugation) was 
homogenized with a tissuemizer, washed with PBS, treated with collagenase at 37°C 
for 30 minutes, sonicated, extracted with phenol/chloroform and ethanol precipitated. 

cDNA libraries were constructed in lambda phage using polyA-selected mRNA 
from the following samples; cultured human breast epithelial cells, tissue from three 
reduction mammoplasty patients, tissue from three DCIS patients, and tissue from one 
DCIS patient (patient #10) that showed a focus of microinvasion adjacent to an area of 
DCIS. Multiple punches were needed to obtain sufficient RNA for polyA selection and 
library construction. 200 ug of total RNA was obtained by pooling 20 punches from 
normal breast tissue (reduction mammoplasty samples) and 5-8 punches from DCIS 
lesions, presumably reflecting the greater cellularity of the DCIS samples. cDNA 
libraries were constructed by first and second strand cDNA synthesis followed by the 
addition of directional synthetic linkers (ZAP-cDNA Synthesis Kit, Stratagene, La 
Jolla, California). The Xho I-Eco Rl linkered cDNA was then ligated into lambda 
arms, packaged with packaging extracts, and then used to infect XLl-blue bacteria 
resulting in cDNA libraries. 

PROBE PREPARATION 

The collagen III probe employed for nuclease protection assays was constructed 
by subcloning the 208 bp Hinc H-Pst I fragment from the 3' untranslated region of the 
human type IH procollagen gene into pGem4Z. This region of the human procollagen 
IE gene was obtained by PCR amplification of published sequence (Ala-Kokko et al, 
1989) followed by restriction with Hinc II and Pst I. For a control probe to assure 
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equal loading and recovery of RNA, we used a T7 polymerase-generated probe for 
human glyceraldehyde phosphate dehydrogenase (GADP) which protects a 140 bp Sac 
I-Xba I fragment; (a generous gift from Janice Nigro, Vanderbilt University). Probe 
DCIS-1 was generated by linearizing the rescued plasmid with Pvu II, which should 
generate a 200 bp protected fragment. RNase protection assays were performed with 
1 ug of unselected RNA and the above-cited probes using the methods we have reported 
previously (Holt, 1993). 
Differential Display-based cloning of cDNAs: 

Rescued cDNA library samples were used as templates for low stringency PCR 
with the either a pair of 25 bp primers or an anchored 14 bp primer paired with a 
random 25 bp primer. Random 25 bp primers were generated by a computer-based 
algorithm (Jotte and Holt, unpublished). Samples were denatured for two minutes at 
95°C followed by 40 cycles, each cycle consisting of denaturation for 1 minute at 
94°C, annealing for 2 minutes at 25°C, and extension for 1 minute at 72°C. The 
samples were then run on an 6% non-denaturing polyacrylamide gel, which was dried 
and autoradiographed. Specific bands were excised then reamplified with the same 
primers used for their generation. Specificity was confirmed on 6% polyacrylamide 
gel, and samples were purified by ethanol precipitation of the remainder of the PCR 
reaction. Fragments were then individually cloned into Srfl cut vectors by standard 
methods using PCR-Script™SK(+) Cloning Kit (Stratagene, LaJolla, California) and 
then sequenced. 

EXAMPLE 1 

QtiiHjp.y showinp Increased Risk of Breast Cancer 
in Patents with DCIS 
Since the 1970's, studies of pre-invasive lesions associated with the development 
of breast cancer have been undertaken in an attempt to refine histologic and cytologic 
criteria for the hyperplastic lesions analogous to those of the uterine cervix and colon. 
Because of the availability of tissue from breast biopsies done many years previously, 
cohorts of women who underwent breast biopsies 15 to 20 years ago, can be studied 
to determine the risk for development of breast cancer attributable to specific lesions. 
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Many concurrent studies evaluating lesions associated with cancer at time of cancer 
diagnosis led the way in pointing out lesions of potential interest (Wellings et al, 1975). 
Hopefully, these intermediate stages in cancer development will serve to provide 
indicators of breast cancer development sufficiently precise to guide prevention and 
5 intervention strategies (Weed et al, 1990; Lippman et al, 1990). Such intermediate 

elements prior to the development of metastatic capable cancers also provide the 
opportunity to define the molecular biology of these elements. Studies of the 
development of pre-invasive breast disease have provided insight into different types 
of lesions with different implications for breast cancer risk and the process of 

10 carcinogenesis (See Figure 1). Pre-invasive breast disease is herewith defined to be any 

reproducibly defined condition which confers an elevated risk of breast cancer 
approaching double that of the general population (Komitowski et al, 1990). The 
specifically-defined atypical hyperplasias and lobular carcinoma in situ confer relative 
risks of four to ten times that of the general population. This risk is for carcinoma to 

15 develop anywhere in either breast (Page et al, 1985; Page et al, 1991). The statistical 

significance of these observations have regularly been < .000L Thus, absolute risk 
figures of 10-20% likelihood of developing into invasive carcinoma in 10 to 15 years 
arise. DCIS is a very special element in this story because the magnitude of risk is as 
high as any other condition noted (P< .00005), but remarkably, the developing 

20 invasive cancer is in the same site in the same breast. This local recurrence and 

evolution to invasiveness marks these lesions as determinate precursors of invasive 
breast cancer (Betsill et al, 1978; Page et al, 1982). These figures are for the type of 
DCIS which has become detected very commonly since the advent of mammography, 
the small and NCDCIS variety. It is likely that the comedo DCIS variety indicates a 

25 much greater risk, often presenting as larger lesions, and treated regularly by 

mastectomy in the past 50 years making follow-up studies impossible (Figure 1). 

The precision of histopathologic diagnosis in this area as noted in Table I (shown 
in Figure 1) was most convincingly confirmed in a large, prospective study (London 
et al, 1991). There has also been a recent review of the reproducibility of the 

30 assignment of diagnosis by a panel of pathologists (Schnitt et al, 1992). The precision 

has been fostered by combining histologic pattern criteria with cytologic and extent of 
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lesion criteria. Classic surgical pathology criteria were predominantly derived from 
histologic pattern only. A further point of relevance to the importance of these 
histopathologically defined lesions of pre-malignancy in the breast is the relationship 
to familiality. A family history of breast cancer in a first degree relatives confers about 
5 a doubling of breast cancer risk. However, women with the atypical hyperplasias at 

biopsy and a family history of breast cancer are at 9-10 times the risk of developing 
invasive breast cancer as the general population (Dupont et al, 1985; Dupont et al, 
1989). 

Careful consideration of all of the above-mentioned epidemiologic data has led 
10 to the following model for progression from generalized pre-malignant lesions to 

determinant lesions to invasive cancer. Figure 2 shows this model for the induction and 
progression of pre-invasive breast disease based on study of the Vanderbilt cohort 
(Dupont et al, 1985) of more than 10,000 breast biopsies (follow-up rate 85 % ; median 
time of 17 years; 135 women developed breast cancer). 

15 

EXAMPLE 2 

Identification of genes whic h are differentially expressed in DCIS 
Construction of cDNA libraries from DCIS lesions 
In order to study differential gene expression in DCIS, we collected cases of 
20 NCDCIS. The diagnosis of DCIS is made on histomorphologic grounds based on 

architectural, cytologic, and occasionally extent criteria. NCDCIS lacks comedo 
features and consists of microscopic intraductal lesions which fill and extend the duct, 
contain rigid internal architecture, and often have hyperchromatic and monomorphic 
nuclei. 

25 Study of non-comedo DCIS for differential marker gene expression indicates the 

diagnostic utility of comparison of marker gene expression in these tissues. Although 
the morbidity and mortality of breast cancer clearly results from invasion and 
metastasis, the development of breast cancer is clearly significant in its early stages for 
two basic reasons: 

30 1) The molecular changes will presumably be simpler in early lesions than 

in later lesions which may have acquired numerous mutations or "hits"; 
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and 

2) Successful prevention strategies may require attacking cancer before it 
develops the capacity to invade or metastasize. 

Non-comedo DCIS is the earliest determinant lesion which recurs locally as 
invasive cancer. Although comedo DCIS may be technically easier to study because 
the tumors are larger, its aggressiveness and the presence of numerous genetic 
alterations (such as p53 and erbB2) suggest that it may have advanced beyond the 
earliest stages of carcinogenesis. 

The commercial utility of a method for prevention of cancer is clear. In order 
to study differential gene expression in DCIS, breast tissue with extensive microscopic 
non-comedo DCIS was identified and banked in a frozen state. cDNA libraries were 
constructed from mRNA isolated from frozen sections of DCIS lesions. Tissue samples 
from patients with mammography results consistent with DCIS were cryostat frozen 
and a definitive diagnosis was made by the histopathologic criteria which we have 
described (Jensen et al, Submitted for publication; Holt et al, In press). 

Control mRNA was obtained from frozen tissue samples obtained from reduction 
mammoplasties and from cultured human breast epithelial cells. Because non-comedo 
DCIS is a microscopic lesion, we had to microlocalize regions of DCIS in biopsy 
samples. To accomplish this we prepared frozen sections in which we located regions 
of DCIS and then employed a 2 mm punch to obtain an abnormal tissue sample only 
from those regions that contained DCIS. This selective harvesting was accomplished 
by carefully aligning the frozen section slide with the frozen tissue block and 
identifying areas of interest. The harvest of the appropriate area was then confirmed 
with a repeat frozen section. A similar approach was used to isolate mRNA from 
lobules of normal breast in samples collected from a reduction mammoplasty. Prior 
studies have shown that breast lobules are approximately 2.5 mm in diameter, thus the 
2 mm punch provided a well-tailored excision. This microlocation and collection step, 
in which abnormal tissue samples are collected from an isolatable tissue structure, was 
performed with extreme care and was absolutely crucial to the success of these studies. 
Contamination by normal breast epithelial cells or by breast stromal cells would clearly 
negatively skew the differential screening approach. If the punch biopsy did not cleanly 
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excise DCIS without contamination by other cell types or tissues then the sample was 
not used for mRNA isolation (Jensen et al, Submitted for publication). Figure 3 
contains color photos of DCIS (abnormal) tissue, before (upper left panel) and after 
excisional punch biopsy (upper right panel). The lower panels show tissue samples of 
normal breast tissue (lower left panel), and invasive breast cancer (lower right panel). 

Following microlocation punch harvesting of the frozen tissue, RNA was isolated, 
purified, and employed to construct cDNA libraries. RNA was isolated following 
mincing of tissue in 5.6M guanidinium isothiocyanate and 40% phenol, centrifugation 
to remove particulate matter, viscosity reduction by repeated aspiration through a 22 
gauge needle, chloroform extraction and ethanol precipitation. In most samples there 
was particulate matter resistant to guanidinium-phenol extraction that was white in color 
and fibrous in appearance and was presumed to represent breast stroma. This stromal 
material was sparse in DCIS samples but abundant in samples obtained from normal 
breast tissue derived from reduction mammoplasties. The stromal material was minced 
with a tissuemizer, washed with PBS, treated with collagenase at 37°C for 30 minutes, 
sonicated, extracted with phenol/chloroform and ethanol precipitated. 200 ug of total 
RNA was obtained by pooling 20 punches from normal breast tissue (reduction 
mammoplasty samples) and 5-8 punches from DCIS lesions, presumably reflecting the 
greater cellularity of the DCIS samples. All libraries had greater than 50% inserts and 
contained between 2 X 10 6 and 7 X 10 7 phage recombinants with an average insert size 
varying between 500 and 1000 base pairs. 

EXAMPLE 3 

Tv.yp.in pmp.nt of an extraction met hod which produces breast epithelial RNA 
It was necessary that tissue samples not be contaminated by non-epithelial stromal 
cells. Such contamination would complicate efforts to compare gene expression 
between samples. In order to test the extent of stromal contamination of the mRNA 
samples, we determined the level of expression of collagen III mRNA by an RNase 
protection assay. RNase protection assays were employed in these and subsequent 
studies because it is a quantitative method and can be performed on small amounts of 
unselected RNA. Collagen m mRNA was identified in the presumed stromal fraction 
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of the normal breast tissue and to a lesser extent in the microinvasive breast cancer 
sample, but no expression of collagen IB. was detected in the DCIS samples which were 
subsequently employed for cDNA library construction. Figure 4 compares expression 
in NL 2 and #10CA with other patient samples and NL1 to determine collagen HI 
expression. 

Expression of Collagen HI mRNA in tissue mRNA samples was analyzed by 
RNase protection assay by methods we have reported previously (Holt, 1993). One fig 
of mRNA was hybridized with two labeled RNA probes: a T7 polymerase-generated 
probe for human glyceraldehyde phosphate dehydrogenase (GADP) which protects a 
140 bp Sac I-Xba I fragment; and a T7 polymerase-generated probe which protects a 
208 bp Hinc II-Pst I fragment from the 3' untranslated region of the human type III 
procollagen gene (Coll IH) obtained by PCR subcloning of the published sequence (Ala- 
Kokko et al, 1991). RNA samples were labeled as follows: NL1 is RNA from cultured 
human breast epithelial cells (Hammond et al, 1984), NL2 is RNA from normal breast 
tissue, NL3 is RNA derived from the fibrous stromal fraction of breast tissue as 
described (Jensen et al, Submitted for publication), NL4 is another sample from normal 
breast tissue. This is described in greater detail on page 30 of this patent application. 
#12,#8,#4,#6, and #10 are from patient samples with DCIS. Sample #10CA is RNA 
obtained from the small focus of microinvasion shown in Figure 3. Con is a control 
sample using tRNA. 

EXAMPLE 4 

Screening of cDNA libraries 
Following successful testing which demonstrated that stromal contamination was 
not a problem, cDNA libraries were constructed in lambda phage using polyA-selected 
mRNA from the following samples: cultured human breast epithelial cells, tissue from 
three reduction mammoplasty patients, tissue from three DCIS patients, and tissue from 
one DCIS patient (patient #10) that showed a small focus of invasion adjacent to an 
area of DCIS. Multiple punches were needed to obtain sufficient RNA for polyA 
selection and library construction. Selective handling of tissue was accomplished. 
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Comparison of gene expression between samples was performed by either 
differential screening or a modification of differential display (Liang et al, 1992a; Liang 
et al, 1992b; Sailri et al, 1988; Melton et al, 1984). Plasmid DNA was prepared from 
the cDNA libraries following helper phage rescue and screened by two independent 
methods. Figure 5 below shows the results of differential display comparing cDNAs 
of several patient DCIS samples with cDNA obtained from normal breast epithelial 
cells and an early invasive cancer. Although few genes shown in this Figure are 
differentially expressed in the majority of samples with DCIS, the heterogeneity of gene 
expression in patient samples is seen. 

The differential display method (Liang et al, 1992a and 1992b) allows simultaneous 
comparison of multiple tissue samples. Initial studies using this method (reverse 
transcriptase followed by PCR) were unsatisfactory because of unwanted amplification 
of contaminating DNA in tissue samples and the small size of many of the fragments 
identified by display. To circumvent some of these problems, we have attempted to 
combine the advantages of cDNA library screening with the advantages of differential 
display by: 

1) Constructing cDNA libraries from the tissue mRNA samples; 

2) Performing differential display on the plasmid DNA prepared from the 
cDNA libraries; 

3) Subcloning the fragments identified by differential display; 

4) Using the subcloned fragment as a probe to clone the cDNA from the 
appropriate library. 

Example 5 

T ^ntifiratinn of a gene fRihtted') wh i ch is differentially expressed in multiple 
NCDCIS cases 

Employing these methods, 10 differentially expressed clones were identified and 
the seven that showed the greatest difference in expression between multiple samples 
were further characterized by DNA sequencing. Comparison of the sequenced clones 
with GenBank demonstrated that six of the clones are apparently unique sequences 
(although further DNA sequencing is necessary); but that one of the clones (here 
termed DCIS-1 and described in Sequence Listing No. 1) showed 90% homology to the 
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previously cloned hamster gene encoding the M2 subunit of ribonucleotide reductase 
(Pavloff et al, 1992; Hurta et al, 1991; Hurta et al, 1991). Although human M2 
ribonucleotide reductase has been cloned previously, comparison of the hamster cDNA 
sequence with our clone and with the prior human clone indicates that DCIS-1 is 
homologous to an alternatively poly-adenylated form of the human ribonucleotide 
reductase which has not been cloned previously. Figure 6 shows a comparison of the 
sequence between DCIS-1 and the human and hamster genes. 

Because of our concern that different patients may have differential gene 
expression which is idiosyncratic (or related to morphological differences in biopsy 
appearance) and not necessarily related to the induction or progression of DCIS, we 
simultaneously analyzed gene expression in multiple DCIS samples compared to 
multiple control samples. We constructed cDNA libraries from the following samples: 



1) 


Cultured HMEC epithelial cells; 


2) 


Reduction mammoplasty: 11 year old with virginal hyperplasia; 


3) 


Reduction mammoplasty: 28 year old patient; 


4) 


Reduction mammoplasty: 35 year old patient; 


5) 


DCIS patient #12; 


6) 


DCIS patient #8; 


7) 


DCIS patient #10; 


8) 


DCIS patient #10 from an area of invasive cancer adjacent to DCIS; 



In addition to the samples we employed to construct cDNA libraries shown 
above, we also obtained frozen tissue samples from 7 more DCIS patients, 2 cellular 
fibroadenoma samples, and samples of "usual hyperplasia" and atypical hyperplasia. 

Because the DCIS clones were identified by cloning methods which include 
selection and amplification, it was important to confirm by nuclease protection assays 
that the genes were differentially expressed in the original unselected, unamplified RNA 
samples (Figure 7). 

This approach allowed identification of a human gene similar to the hamster RibRed 
gene (coding for the M2 subunit) and 7 other human genes as genes which are 
differentially expressed in a majority of cases of DCIS in human breast tissue. The 
table of differentially expressed genes lists the genes which have been identified as 
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differentially expressed genes in DCIS tissue samples as compared to that in normal 
tissue (Figure 9). 

EXAMPLE 6 

Mgflods far studying portal us e of differentially e x pressed penes for diagnostic 
screening 

One advantage of the differential display method is that it allows comparison of 
multiple tissue samples of pre-invasive or invasive breast cancer. For example, use of 
this method has successfully demonstrated that the M2 subunit ribonucleotide reductase 
gene is differentially expressed in 4 out of 5 pre-invasive breast cancer tissue samples. 
It is significant that the M2 subunit is involved in the regulation of the ribonucleotide 
reductase gene and is found to be over-expressed in abnormal tissue samples. 

Identification of differentially expressed genes may lead to discovery of genes 
which are potentially useful for breast cancer screening. Of particular interest are 
genes whose expression is restricted to breast epithelial cells and whose gene products 
are secreted. Screening for secreted proteins is possible by using the known 
hydrophobic sequences which encode leader sequences as one primer for differential 
display. The identification of secreted proteins which are specific for early breast pre- 
malignancy (or even early invasive cancer) would provide an important tool for early 
breast cancer screening programs. If a differentially expressed gene has not been 
cloned previously (or if details of its expression are unknown or uncertain) then 
nuclease protection assays or Northern blots can be performed on RNA prepared from 
tissue samples from a variety of tissues to determine if expression of this gene is 
restricted to breast. If necessary cDNA libraries prepared from other tissues can be 
added to the differential display screen as a way to identify only those genes which are 
expressed in early breast cancer and, in addition, are only expressed in breast tissue. 

Once differentially expressed genes have been initially characterized for expression 
in pre-malignant and malignant breast disease, antibodies to the protein products of 
potentially useful genes can be developed and employed for immunohistochemistry 
(Harlow et al, 1988). This will provide an additional test to determine whether the 
expression of this gene is restricted to the breast. Subsequently, these antibodies will 



WO 95/19369 



PCT/US95/00608 



37 

be used to detect the presence of this protein present in the blood of patients with pre- 
invasive and/or invasive cancer. By assaying for serum protein levels in the same 
patients who exhibited elevated expression of the gene in their tissue samples it will be 
possible to determine whether a gene product is being secreted into the blood. 

EXAMPLE 7 

Decreased expression of BRCA1 accelerates growth and is observed during breast 
cancer progression 

Breast cancer occurs in hereditary and sporadic forms. Recently the BRCA 1 
gene has been cloned and shown to be mutated in kindreds with hereditary breast and 
ovarian cancer (Hall et al. 1990, Miki, Y. et al. 1994, Friedman et al. 1994, Castilla 
et al. 1994, Simard et al. 1994). Although 92% of families with two or more cases of 
early-onset breast cancer and two cases of ovarian cancer have germ-line mutations in 
BRCA 1 (Narod et al. in press), the gene has not been shown to be mutated in any 
truly sporadic case to date (Futreal et al. 1994). Despite the surprising paucity of 
somatically acquired mutations in sporadic breast cancer, it is still a likely tumor 
suppressor gene with a key role in breast epithelial cell biology. The BRCA 1 gene 
encodes a protein of 1863 amino acids with a predicted zinc finger domain observed 
in proteins which regulate gene transcription. 

As an initial characterization of the regulation and function of the BRCA 1 gene, 
we analyzed and manipulated expression of BRCA 1 mRNA levels. The results taken 
together indicate that the BRCA 1 gene product is a negative regulator of mammary cell 
proliferation which is expressed at diminished levels in sporadic breast cancer. 
Expression of BRCA1 mRNA during breast cancer progression 

As described above, microscopy-directed cloning has been employed to compare 
gene expression in normal mammary epithelium, carcinoma in- situ, and invasive breast 
cancer. This method produces predominantly epithelial mRNA with minimal 
contamination from stromal elements and we used this approach to obtain mRNA from 
normal neoplastic tissues from patients without a family history of breast cancer. 
Expression of BRCA1 exon 24 in human breast tissue samples is shown in Fig. 1. The 
legend of Fig. 1 is as follows. 
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The following tissue samples were used for mRNA isolation: Normal tissue 
samples: NLl-cultured human breast epithelial cells, NL2- Histologically normal breast 
tissue from an 11 year old undergoing a reduction mammoplasty, NL4- histologically 
normal breast tissue from an 14 year old undergoing a reduction mammoplasty. 
Carcinoma-in-situ samples are #6, #8, #10, #12, #23 (comedo type), #41, #55; and 
invasive cancer samples #10CA (invasive cancer from the same patient with carcinoma- 
in-situ), 36CA, 1CA. All of these tissue samples were obtained from patients who had 
no family history of hereditary breast cancer and RNA preparation was performed as 
described above. 

PCR detection of BRCA1 exon 24 in cDNA libraries from the following tissue 
samples is described in Figure 10A. Lane 1: human genomic DNA, lane 2: NL1, lane 
3: NL4, lane 4: $8, lane 5: #12, lane 6: #10, lane 7: #10CA, lane 8: #41, lane 9: #23, 
lane 10: 36CA, lane 1 1: lambda DNA. The arrow points to the expected 113 bp band. 

Nuclease protection assays of microdissected mRNA from tissue samples are 
described in Fig. 10B. One ug of mRNA from each tissue sample was hybridized with 
32P-labelled, T7 polymerase-generated RNA probes for BRCA1 and human 
glyceraldehyde-3-phosphate dehydrogenase (GAPD) which produce expected protected 
fragments of 113 and 140 respectively as indicated by the lines on the right. Data were 
quantitated by phosphorimaging. The hybridizing intensity of each BRCA1 band was 
normalized to its respective GAPD band. The normalized values of NL1, NL2, and 
NL4 were intensity in each sample relative to 1. Sample 1 employs human leukocyte 
mRNA; Samples 2-4 are NL1, NL2, and NL4; Samples 5-9 are #6(2.8), 8(3.7), 
10(2.8), 12 (5.9), and 55 (1.4); and 10-12 are #10CA (0.07), 36CA (0.13), and 1CA 
(0.2). 

Fig. 10 shows that BRCA1 exon 24 mRNA is expressed at 5-10 fold higher 
levels in normal mammary tissue than in invasive breast cancer samples. Initial studies 
showed detectable levels of BRCA1 cDNA in a cDNA library prepared from a tissue 
sample with preinvasive carcinoma-in-situ but not in normal breast cancer invasive 
breast cancer cDNA hbraries (Figure 10A). Because this method is relatively 
insensitive we directly quantitated BRCA1 mRNA by nuclease protection assays in 
RNA samples obtained by our microdissection method described above. These assays 
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indicate that expression of BRCA1 mRNA in micro-dissected normal mammary 
epithelial tissue (lanes 2-4, Figure 10B) is 5-15 fold higher than that in breast cancer 
(lanes 10-12, Figure 10B). The highest levels of BRCA1 are observed in samples from 
non-comedo ductal carcinoma-in-situ Canes 5-9, Figure 10B), a premalignant breast 
lesion with a finite, but relatively low rate of progression to invasion (Betsill et at., 
1978, Page, D.L. et al., 1982, Page and Dupont, 1990). 

Because these studies suggested that invasive breast cancer exhibited lower 
mRNA levels than normal breast epithelial cells, we compared expression of paired 
samples of normal breast and invasive cancer from the same patient (Figure 11 A; 
compare lanes 2 and 3, 4 and 5, 6 and 7). The legend of Fig. 11 is as follows. 

Nuclease protection assays of RNA obtained from paired samples of invasive 
breast cancer and histologically normal breast tissue are shown in Fig. 11A. Samples 
in lanes 2 and 3 (first patient), 4 and 5 (second patient), 6 and 7 (third patient) are from 
invasive cancer and normal breast tissue respectively. Lane 1 is NL1 mRNA as 
described in legend to Fig. 10 and lane 8 is human leukocyte mRNA. Ratios of 
BRCA1/GAPD for each sample: lane 1: 25.9, lane 2: 1.8, lane 3: 7.6, lane 4: 2.0, 
lane 5: 12.4, lane 6: 0.7, lane 7: 6.0. The probes and methods are as described in Fig. 
10 except the GAPD probe was of lower specific activity to improve quantitation. 

Nuclease protection assays of RNA from a series of invasive breast cancer tissue 
samples (lanes 2-9 compared with NL1 (lane 1) and leukocyte mRNA (lane 10) are 
shown in Fig. 11B. Ratios of BRCA1/GAPD for each sample: lane 1: 19.1, lane 2: 
0.3, lane 3: 1.8, lane 4: 1.6, lane 5: 0.2, lane 6: 0.3, lane 7: 1.9, lane 8: 0, lane 9: 
0.6. 

Although the samples were paired in Fig. 11A, they were not microdissected 
so this approach overestimates the relative expression level of invasive samples because 
they have a greater percentage of epithelial cells. RNA levels were four to eight fold 
higher in samples derived from normal breast than in samples derived from invasive 
breast cancer. We next analyzed expression levels in 8 non-hereditary invasive cancer 
samples (Figure 11B: lanes 2-7). Although these samples showed some variability in 
expression level, all had lower levels of BRCA1 mRNA (determined by ratio of 
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BRCA1 to GAPD) than the primary breast epithelial cell line or the normal breast 
samples shown in Figure 11 A. 

Effects of BRCA1 gene inhibition on proliferative rate and gene expression 

Having demonstrated that mRNA expression levels of BRCA1 are higher in 
normal mammary cells than in cancer cells, we used antisense methods to test the 
hypothesis that BRCA1 expression inhibits cell growth. Unmodified 18 base 
deoxyribonucleotide complementary to the BRCA1 translation initiation site were 
synthesized and added to cultures of primary mammary epithelial cells (Stampfer et al. 
1980) or MCF-7 breast cancer cells (Soule and McGrath, 1980). Figure 12 is graph 
showing growth rate of human primary mammary epithelial cells (A), MCF-7 cells (B), 
retinal pigmented epithelial cells (C), cultured as described below. Points and bars 
represent the mean and the 95% confidence interval of triplicate counts of cells 
incubated with a single bolus of the indicated concentration of antisense or control sense 
deoxyribonucleotide. 

The morphologic appearance of the cell lines was not noticeably changed by 
addition of antisense oligonucleotide, but the proliferative rate was faster. Incubation 
of cells with 40 uM anti-BRCAl oligonucleotide produced accelerated growth of both 
normal (Figure 12A) and malignant mammary cells (Figure 12B), but did not affect the 
growth of human retinal pigmented epithelial cells (Figure 12C). An intermediate dose 
of anti-BRCAl oligonucleotide produced a less pronounced but significant increase in 
cell growth rate. This was not a toxic effect of the oligonucleotide since a control 
"sense" oligomer with the same GC content did not increase the proliferation rate, and 
because an addition of a 10 fold excess of sense oligomer to the anti-BRCAl oligomer 
reversed the growth activation. 

In order to critically evaluate the function of BRCA1 gene inhibition on growth 
stimulation and cell cycle progression it was necessary to identify a gene whose 
expression is cell cycle regulated in human mammary cells. The gene encoding the M2 
subunit of ribonucleotide reductase is amptified in conditions of nucleotide starvation 
(Hurta and Wright 1992) and as shown above, exhibits elevated levels of expression in 
premalignant breast disease. Because ribonucleotide reductase constitutes the rate 
limiting step in DNA synthesis, we reasoned that it might be cell cycle regulated in a 
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synchronous growth model such as MCF-7 cells which can be growth arrested by 
tamoxifen and then restimulated by estrogen (Aitken et al. 1985, Arteaga et al. 1989). 
MCF-7 cells were growth arrested by tamoxifen for 48 hours and then stimulated at 
time zero (0) with luM estradiol (+E) or control vehicle (-E). Inhibition of DNA 
synthesis by tamoxifen and induction of synthesis by estrogen were confirmed by 
nuclear labelling studies with tritiated thymidine. 

Fig. 13 panels A and B show that transcription of the ribonucleotide reductase 
M2 gene is cell cycle regulated, inhibited by tamoxifen, and induced by estrogen. Fig. 
13A is a Northern blot of mRNA from synchronized MCF-7 cells. At the indicated 
time in hours, total cellular RNA was isolated and Northern blotting performed using 
the 1.6 Kb Eco RI fragment from our cloned human ribonucleotide reductase cDNA 
described above. Two mRNA species of 1.6 and 3.4 Kb are observed in these studies. 

Fig. 13B shows nuclear runon studies of synchronized MCF-7 cells were 
performed by our published methods (Holt et al 1988) employing the 1.6 Kb fragment 
of ribonucleotide reductase described above (RR); the 1.8 Kb fragment of 
Topoisomerase n (Topo) described in the Olsen et al. 1993); the 1.0 Kb cyclophilin 
gene (Thompson et al. 1994) used as a constitutive control; and 18S ribosomal RNA 
(Thompson et al. 1994). Con represents cells which were grown for 48 hours but not 

treated with tamoxifen. 

Antisense inhibition is a useful strategy for studying gene expression which is 
dependent on expression of the antisense target gene (Robinson-Benion and Holt, in 
press, 1995), e.g. genes whose expression is directly or indirectly dependent on 
BRCA1 levels. Fig. 14 demonstrates that antisense inhibition of BRCA1 results in a 
corresponding increased expression of M2 ribonucleotide reductase mRNA. A nuclease 
protection assay of mRNA derived from primary mammary epithelial cells Canes 1-4, 
9-10) or MCF-7 cells (lanes 5-8, 11-12) cultured for 4 days with antisense or control 
oligonucleotide was performed under the following conditions: no oligonucleotide Canes 
1 and 5); 40uM antiBRCAl (lanes 2,6,10,12); 4uM antiBRCAl Canes 3 and 7); 40uM 
sense control Canes 4,8,9,11). Probes for BRCA1 and GAPD are as described for 
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Figure 10, and the ribonucleotide reductase M2 probe (RR) detects the 200 bp probe 
is described above. 

Ribonucleotide reductase mRNA levels are highest in samples treated with 40 
uM anti-BRCAl oligonucleotide for both primary mammary epithelial cells and for 
MCF-7 cells (Fig. 14). Antisense inhibition of BRCA1 results in a 70-90% inhibition 
of mRNA levels in anti-BRCAl treated cells compared with cells treated with the 
"sense" control oligonucleotide (compare lanes 9 and 10, Fig. 14). Note that MCF-7 
cells have lower levels of BRCA1 than the normal mammary epithelial cells (compare 
lanes 1 and 5, Fig. 14) anti-BRCA 1 since the antisense inhibition may drop BRCA1 
levels below a critical threshold which normally functions to inhibit growth. 
Methodology 

Tissue samples. Freshly obtained breast biopsy or reduction mammoplasty 
specimens were frozen and then RNA was obtained following the microdissection 
method described above. Lesions were selected which were microlocalized and 
homogenous so that pure lesions could be obtained by 2 mm punches. Samples which 
had admixed normal epithelial, carcinoma-in-situ, or invasive cancer were not used for 
this study. Family history was obtained by chart review and/or interview to exclude 
familial breast cancer cases. 

Nuclease Protection Assays. PCR primers were derived from BRCA1 
sequence in GenBank (Accession number U 14680); forward 5' 
CAATTGGGCAGATGTGT 3' and reverse 5' CTGGGGGATCTGGGGTATCA 3* 
which amplify a 113 bp region from exon 24, corresponding to bases 5587 to 5699 of 
the human BRCA1. This region was selected because this exon has not been reported 
to be differentially spliced unlike more 5' exons. The BRCA1 probe was cloned by 
subcloning this 1 13 bp band from normal human genomic DNA into PCRscriptSK and 
screening for correct orientation. One ug of mRNA from each tissue sample was 
hybridized with 32P-labelled, T7 polymerase-generated RNA probes for BRCA1 and 
human glyceraldehyde-3-phosphate dehydrogenase (GADP) which would produce 
expected protected fragments of 113 and 140 respectively. The construction and use 
of the GADP probe for RNA standardization has been described above. The probe for 
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ribonucleotide reductase M2 mRNA is the same as above and detects a 200 bp 
protected fragment. 

Antisense oligonucleotide studies. Unmodified deoxyribonucleotide were 
analyzed by gel electrophoresis and UV shadowing and shown to be homogenous and 
of appropriate size. These oligonucleotide were purified by multiple lyophilization and 
solubilized in buffered media as described (Holt et al. 1988). Sequence of the 
unmodified antiBRCAl oligonucleotide 5' AAGAGCAGATAAATCCAT 3' and the 
complementary sense oligonucleotides' ATGGATTTATCTGCTCTT 3' correspond to 
the presumed translation initiation site at bases 12-137 of the GenBank sequence. The 
antisense oligonucleotide sequence was searched against Genbank and no significant 
homologies were identified to genes except BRCA1. Otigonucleotides were used 
according to our published methods (Holt et al. 1988). Primary mammary epithelial 
cells were cultured in serum-free medium supplemented with epidermal growth factor, 
insulin, hydrocortisone, ethanolamine, phosphorylethanolamine, and bovine pituitary 
extract. MCF-7 cells were cultured in Minimum Essential Medium Eagle (Modified) 
with Earle's salts and 2g/L sodium bicarbonate m supplemented with 2mM L- 
glutamine, GMS-A (Gibco Cat. #680-1300AD), nonessential amino acids, and 2.5% 
fetal calf serum. Retinal pigmented perithelia! cells were cultured in DMEM and 10% 
calf serum. 

Our results indicate that the BRCA1 gene is expressed at higher levels in normal 
mammary cells than in breast cancer cells and that diminished expression of BRCA1 
increased the proliferative rate of breast cells. This correlates well with the recent 
finding that patients with BRCA1 gene-linked hereditary breast cancer have tumors that 
grow more rapidly than comparable sporadic tumors (Marcus, J. et al. 1994). The 
decreased mRNA levels which were observed in sporadic breast cancers are not a 
consequence of differential splicing of the gene since the RNAs were quantitated with 
probes from the 3' end of the mRNA which is not a region where differential splicing 
is reported to occur (MiM, Y. et al 1994). Invasive sporadic cancers have BRCA1 
mRNA levels which vary from 0 (in one case) to 20% of the levels observed in normal 
human mammary epithelium. 



WO 95/19369 



PCMJS95/00608 



44 

Examples 8 and 9 describe applications of the discovery of the function of the 
BRCA1 gene. Example 8 describes a gene therapy method and example 9 describes 
a drug screening method. The discovery of the diminished expression of the BRCA1 
mRNA in breast cancer using the microdissection techniques of this invention provides 
an important scientific basis for these examples. 
Example 8 

Gene Therapy method based on determination of the function of the BRCA1 Gene 

Viral vectors containing a DNA sequence that codes for a protein having an 
amino acid sequence as essentially set forth in SEQ ID NO:49 can be constructed using 
techniques that are well known in the art. This sequence includes the BRCA1 gene 
product. Viral vectors containing a DNA sequence essentially as set forth in SEQ ID 
NO:47 (the BRCA1 gene) can be also constructed using techniques that are well known 
in the art. Retroviral vectors, adenoviral vectors, or adeno-associated viral vectors are 
all useful methods for delivering genes into breast cancer cells. An excellent candidate 
for use in breast cancer gene therapy is a Moloney-based retroviral vector with a breast 
selective MMTV promoter which we have reported previously (Wong et al). The viral 
vector is constructed by cloning the DNA sequence essentially as set forth in SEQ 
ID:47 into a retroviral vector such as a breast selective vector. Most preferably, the 
full-length (coding region) cDNA for BRCA1 is cloned into the retroviral vector. The 
retroviral vector would then be transfected into virus producing cells in the following 
manner: Viruses are prepared by transfecting PA3 17 cells with retroviral vector DNAs 
which were purified as described in Wong et al. Following transfection, the PA317 
cells are split and then treated with G418 until individual clones can be identified and 
expanded. Each clone is then screened for its titer by analyzing its ability to transfer 
G418 resistance (since the retroviral vector contains a Neomycin resistance gene). The 
clones which have the highest titer are then frozen in numerous aliquots and tested for 
sterility, presence of replication-competent retrovirus, and presence of mycoplasm. The 
methods generally employed for construction and production of retroviral vectors have 
been described in Muller, 1990. 

Once high titer viral vector producing clones have been identified, then patients 
with breast cancer can be treated by the following protocol: Viral vector expressing 
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BRCA1 is infused into either solid tumors or infused into malignant effusions as a 
means for altering the growth of the tumor (since it is shown above that the BRCA1 
gene product decreases the growth rate of breast cancer cells). Because viral vectors 
can efficiently transduce a high percentage of cancer cells, the tumors would be growth 
inhibited. 
Example 9 

Method of Screening Compounds Capable of Activating Promoter Region of the 
BRCA1 Gene 

The discovery of the function of the BRCA1 gene provides a clear utility in that 
induction of expression of the gene and the resulting increase in level of protein 
encoded by the gene in the breast cancer cell should slow the proliferation of the breast 
cancer cells. Induction of expression of the gene can be caused by administering a 
compound to a patient that stimulates the regulatory regions of this gene, such as the 
promoter. 

A method for screening compounds that activate the promoter of the BRCA1 
gene is designed in the following way. A promoter sequence is a DNA segment that 
upregulates the expression of a gene. A sequence essentially as set forth in SEQ ID 
NO:48 can be ligated into a suitable vector, such as a plasmid, that contains a reporter 
gene using standard recombinant DNA techniques of restriction enzyme digests, ligation 
of fragment into vector, and transformation of bacteria. SEQ ID NO:48 includes the 
promoter sequence of the BRCA1 gene. A reporter gene is a gene that produces a 
readily detectable product. Examples of appropriate reporter genes which could be 
employed for this purpose include Beta-galactosidase or the chloramphenicol 

acetyltransferase gene. 

The BRCA1 promoter/reporter gene combination can then be cloned into an 
expression vector or viral vector by standard recombinant DNA methods. Breast 
cancer cells can then be transfected with the expression vector containing the BRCA1 
promoter/reporter gene using standard transfection methods which we have reported 
previously (Holt et al. PNAS 1986). A stable transformant with appropriate low level 
expression (breast cancer cells have low level BRCA1 expression as shown above) will 
be identified and then characterized to demonstrate proper DNA integration and 
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expression. Methods of establishing and characterizing stable transformants have been 
described (Holt. MCB, 1994). Once an appropriate stable transformant cell line is 
identified, then we can plate the cell line in a manner than permits screening of 
hundreds or thousands of drugs or biological agents (for example in multiple 96 well 
microtiter plates). Level of expression of the reporter gene can be quantitated and 
agents which activate expression are thus identified. A positive result (i.e. induction 
of the promoter region) results in increased levels of the reporter gene resulting in 
either an increase in color (Beta-galactosidase assay) or specific radioactivity 
(Chloramphenicol acetyltransferase activity) through a reaction between the protein 
encoded by the reporter gene and a compound in the reaction medium. The compound 
produced by the reaction between the reporter gene protein and the compound in the 
reaction medium is the cause of the increase in color or specific radioactivity. These 
compounds can be called indicator compounds in that their presence indicates that the 
drug or biologial agent activitated the BRCA1 promoter. Methods for standardizing 
and performing Beta-galactosidase or chloramphenicol acetyltransferase assays have 
been reported (Holt et. al. MCB 1994). This method would be useful for initial 
screening of agents which increase BRCA1 expression. These agents could then be 
tested in more rigorous assays of breast cancer growth such as nude mouse tumor 
assays (Arteaga et al). This approach allows mass screening of large numbers of 
agents, sparing more rigorous animal tests for only promising compounds which score 
in the reporter gene assay described herein. 

Thus, although there have been described particular embodiments of the present 
invention of a new and useful "Method for Detection and Treatment of Breast Cancer" , 
it is not intended that such embodiments be construed as limitations upon the scope of 
this invention except as set forth in the following claims. It will be apparent to those 
skilled in the art that many changes and modifications may be made without departing 
from the invention in its broader aspects. For example, the above described techniques 
may be used in the diagnosis of other diseases and detection of differential genetic 
expression from microscopically-directed tissue samples of pathologic tissue. The 
production of a cDNA library produced as a result of the differential expression of 
genes in pathologic tissue in comparison to normal tissue provides the opportunity for 
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further adiagnostic capabilities. Further, although there have been described certain 
experimental conditions used in the preferred embodiment, it is not intended that such 
conditions be construed as limitations upon the scope of this invention except as set 
forth in the claims. 

The following references are included to provide details of scientific technology 
herein incorporated by reference to the extent that they provide additional information 
for the purposes of indicating the background of the invention or illustrating the state 
of the art. 
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ADDITIONAL DESCRIPTION OF THE FIGURES 

Figure 2: Model for premalignant conditions, highlighting magnitude of risk 
for progression to clinical malignancy. Terms from human breast neoplasia are used: 
no proliferative disease (No Pro), proliferative disease without alypia (PDWA), typical 
hyperplasia (AH), carcinoma in situ (CIS). As is proposal of tumor progression each 
stage is more likely to proceed to the next (dotted lines), but could also remain stable 
(horizontal lines, probably fairly frequent), or directly proceed to develop a clone of 
cells with malignant behavior (vertical lines, becoming more likely further to right.) 

Figure 5: Differential display of cDNAs obtained from patient tissue samples 
and controls. Rescued cDNA library samples were used as templates for low 
stringency PCR with the primers 5 ' G ATG AGTTCGTGTCCGTACAACTGG3' and 5' 
GGTTATCGAAATC AGCC ACAGCGCC3 ' ; 40 cycles were performed at conditions 
described above. Samples (See legend to Figure 4): Lane 1 - #12; Lanes 2 and 3: 
separate phage rescues of NL1 to show reproducibility of the assay; Lane 4 - #8; Lane 
5 - #10; Lane 6 - #10CA; Lane 7 - control from the rescued phage vector without 
cDNA inserts. Arrows mark cDNAs which are overexpressed in DCIS versus normal. 
Arrowheads mark cDNAs which are differentially expressed in the invasive cancer 
(note this may reflect contamination from stromal cells). The bar marks a cDNA which 
is expressed in normal breast cells at higher levels than in DCIS or invasive cancer. 

Figure 7: Expression of DCIS-1 mRNA in tissue mRNA samples analyzed by 
RNase protection assay. Probes: GADH probe and DCIS-1 clone probe which was 
generated by linearizing the rescued plasmid with Pvu U and should generate a 200 bp 
protected fragment. RNA samples were labeled as in the legend to Figure 4. 
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OBERMJLLER, PATRICE S. 
ROBINSON-BENION, CHERYL L. 
THOMPSON, MARILYN E. 

TITLE OF INVENTION: METHOD FOR DETECTION AND 
TREATMENTS OF BREAST CANCER 
NUMBER OF SEQUENCES: 49 
CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: I.C. WADDEY, JR. 

(B) STREET: 27TH FLOOR, L & C TOWER, 401 CHURCH 

(C) CITY: NASHVILLE 

(D) STATE: TENNESSEE 

(E) COUNTRY: USA 

(F) ZIP: 37219 
COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 800 kB storage 

(B) COMPUTER: IBM PC/XT/AT compatible 

(C) OPERATING SYSTEM: MS-DOS (version 5.0) 

(D) SOFTWARE: WordPerfect 5 . I/WordPerfect Editor 
CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 
PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: U.S. 08/182,961 

(B) FILING DATE: 14 JAN 1994 
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(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: I.C. WADDEY, JR. 

(B) REGISTRATION NUMBER: 25 , 1 80 

(C) REFERENCE/DOCKET NUMBER: 0216-9409 

(ix) TELECOMMUNICATION INFORMATION (O): 

(A) TELEPHONE: (615) 242-2400 

(B) TELEFAX: (615) 242-2221 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 264 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 
(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential 
gene expression 
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(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-1 

(B) LOCATION: GenBank accession no. L2736 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(D) OTHER INFORMATION: gene encoding M2 subunit of 

humanribonucleotide reductase 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

TTCGGAATTG GGTACGCGGG CCCCCCACTG TGCCGAATTC CTGCATGCGG GGGATCCACT 60 

AGTTCAGAGC AGGCCCCCAC CCGTAGGACT CCAGCTTTTG TTCGTTCCCT TTAGTGAGGG 120 

TTAATTTTCG AGCTTGGCGT AATCATGGTC ATAGCTBTTT CCTGTGTGAA ATTGTTATCC 180 

GCTCACAATT CCACACAACA TACGAGCCGG AAGCATAAAA GTGTAAAGCC TGGGGTGCCT 240 

AATGAGTGAG CTAACTCACA TTAA 264 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 
ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 
(F) TISSUE TYPE: female breast 
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(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-2 

(B) LOCATION: GenBank accession no. L27637 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 2 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

TAGCCCCCTT ATCGAAATAG CCACAGCGCC TCTTCACTAT CAGCAGTACG CCGCCCAGTT 60 
GTACGGACAC GGA 73 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 
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(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-3 

(B) LOCATION: L27638 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TCCCCGATG7 GTGTCGTACA ACTGCCGCTG TGGCTGATTT CGATAA 46 

(2) INFORMATION FOR SEQ ID NO:4: 
(i) SEQUENCE CHARACTERISTICS: 





(A) LENGTH: 72 




(B) TYPE: nucleic acid 




(C) STRANDEDNESS: double 




(D) TOPOLOGY: linear 


(ii) 


MOLECULE TYPE: cDNA to mRNA 


(iii) 


HYPOTHETICAL: no 


(iv) 


ANTI-SENSE: no 
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(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-4 

(B) LOCATION: L27640 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 4 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

TAGCCCATGA GTTCGTGTCC GTACAACTCG GGCGCTGTGG CTGATTTCGA TAMMNNNAGC 60 
ATCAGCCCGA CG 72 

(2) INFORMATION FOR SEQ ED NO:5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 



(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-5 

(B) LOCATION: L27641 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 5 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TAGCCCGGTT ATCGAAATCA GCCACAGCGC CTAACTTCTG CAGAAGCCTT TGACCATCAC 60 
CAGTTGTACG GACACGAACT CATC 84 

(2) INFORMATION FOR SEQ ID NO:6: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained from identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-6 

(B) LOCATION: L27642 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 6 
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GTGGTTTCCG AAATTCCTGG GAAGGGGGGT GCTGGCGTGT GGAATTGTCG CGGCCCCTGG 60 
TCTGCCGCGG CGTTTTTTGT CUCATTCGT CGTAGCTCG 99 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: sample of non-comedo DCIS 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: ductal carcinoma in situ 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained rom identification of differential gene 

expression 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: DCIS-7 

(B) LOCATION: L27643 



WO 95/19369 



PC1YUS95/00608 



63 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and differential display 

(x) PUBLICATION INFORMATION: unpublished 
(K) RELEVANT RESIDUES IN SEQ ID NO: 7 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ATCAGCGCGC GACATTCGCG TACCCGCGCC CCCCCCTCCG TCGGAATTCC TCGAGCCGGG 60 
ATCCATAGGA TGTGGAGTTA GTTTTGTT 88 

(2) INFORMATION FOR SEQ ID NO:8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CGCGACGGCC GCGCGTCTGC CAGGG 25 

(2) INFORMATION FOR SEQ ID NO:9 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) ' TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 
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(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CGCCCCTGCG TTACCCTCCC CGCCG 25 

(2) INFORMATION FOR SEQ ID NO: 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

GGATGGCGTC CTGTAACCCG ACGCT 25 

(2) INFORMATION FOR SEQ ID NO: 1 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ACTGGGCTGT CCTGCGGTGG CGGGG 25 

(2) INFORMATION FOR SEQ ID NO: 12 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ED NO: 12: 

CTGAGAGGTA CCCGCGCGGA GGCTG 25 

(2) INFORMATION FOR SEQ ID NO: 13 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GCCTGGCCGC GACACGGATT ACCGC 25 

(2) INFORMATION FOR SEQ ID NO: 14 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

TTAGCGCATG GTGGACCTGG AGACG 25 

(2) INFORMATION FOR SEQ ID NO: 15 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

TGTGGTTACG TCAGCGAAGG TAATA 25 

(2) INFORMATION FOR SEQ ID NO: 16 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 
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(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

AGTCGCACGC ATGTCACGCT CCGCC 25 

(2) INFORMATION FOR SEQ ID NO: 17 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 
(hi) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

TATCCAAGCG GCAGGCTACG AGGCC 25 

(2) INFORMATION FOR SEQ ID NO: 1 8 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



GGCGCCCCCG ACGGTCTGGT ATCTA 25 

(2) INFORMATION FOR SEQ ID NO: 19 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

CTCCCTCCCC GGACTCGGGG TTAGT 25 

(2) INFORMATION FOR SEQ ID NO:20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

ATGCGGGCGG CTCGGGCCTG CTCGC 25 

(2) INFORMATION FOR SEQ ID NO:21 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

CGTGAAGCCT ATGCCCTCCC TCAAC 25 

(2) INFORMATION FOR SEQ ID NO:22 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GTGCCGTCGT AGCCCTTCAG CGATC 25 

(2) INFORMATION FOR SEQ ID NO:23 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

GCGACACTAG GCTCCCGGAG GAGGG 25 

(2) INFORMATION FOR SEQ ID NO:24 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 
(hi) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

TGGGCCAGGC CTCCGGGCCC GGTAT 25 

(2) INFORMATION FOR SEQ ID NO:25 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

CCGGAACTGC GATAGCGTCC GTCCC 25 



INFORMATION FOR SEQ ID NO:26 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic-acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

AGCGGACACC TGTTTCCCGA GAGCC 25 

(2) INFORMATION FOR SEQ ID NO:27 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

AACGGGTGGA CATCCGCCTG CCGCC 25 

(2) INFORMATION FOR SEQ ID NO:28 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

TGAACCACGA TGTCAATCGT CCCGA 25 

(2) INFORMATION FOR SEQ ID NO:29 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

TCATCCCCGC CGAAAGACGC TCGCC 25 

(2) INFORMATION FOR SEQ ID NO:30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

ATAGCCTGCG GCACGCGCTG GGACT 25 

(2) INFORMATION FOR SEQ ID NO:3 1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

GACCAGGTGC GCACGAGCAT GTACA 25 

(2) INFORMATION FOR SEQ ID NO:32 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

AGCGTAGTCA TCGGCCTTCG CGCCC 25 

(2) INFORMATION FOR SEQ ID NO: 33 
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SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

GGCCCCTAGC CCAGGGTGAA GCCCA 25 

(2) INFORMATION FOR SEQ ID NO:34 

(i) SEQUENCE CHARACTERISTICS: 
i (A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 



CCCAGTGCTA CGGGCCGCCC CAAGC 25 

(2) INFORMATION FOR SEQ ID NO:35 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(ii) 

(iii) 
(iv) 

(v) 
(xi) 



(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 
(A) DESCRIPTION: PCR primer 
HYPOTHETICAL: yes 

(iv ) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 
SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

CCTTCCTGGG TTACCTGCCC TCGGG 25 

(2) INFORMATION FOR SEQ ID NO:36 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(V ) FRAGMENT TYPE: oligonucleotide 

Od) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

TCCGGACAGC AGCCACGCCA AGGGC 25 

(2) INFORMATION FOR SEQ ID NO:37 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 
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(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

ACGCGCTGGT CCACCGAGGC pQR g E Q ID NO :38 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii ) HYPOTHETICAL: yes 

(iv ) ANTI-SENSE: no 

(V ) FRAGMENT TYPE: oligonucleotide 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

CGATGCAAGG CCAGCAGCAC TCGAC 25 

(2) INFORMATION FOR SEQ ID NO:39 
SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 
(A) DESCRIPTION: PCR primer 
HYPOTHETICAL: yes 

(iv ) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 
SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

CCCCCGGAGC GGACCACCGG ACGTG 25 

(2) INFORMATION FOR SEQ ID NO:40 



(0 



(ii) 

(iii) 
(iv) 
(v) 
(xi) 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

AGCGGGGAGG GATCGGGGGC CAAGC 25 

(2) INFORMATION FOR SEQ ID NO:41 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

(v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

GCCTGGTGTA GGCAGGCAGC TCTTA 25 

(2) INFORMATION FOR SEQ ID NO:42 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



WO 95/19369 



PCT/US95/00608 



78 



(ii) 
(iii) 



MOLECULE TYPE: DNA 
(A) DESCRIPTION: PCR primer 
HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 

( s FRAGMENT TYPE: oligonucleotide 

^ SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

CCACCCCTGT AGTGCGG6CT CCGAG 25 

(2) INFORMATION FOR SEQ ID NO:43 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
«). MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 
FRAGMENT TYPE: oUgonucleotide 

Z) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

GGAACCCGAC GCCCGTCCAG GGTTC 25 

(2) INFORMATION FOR SEQ ID NO:44 
Cl) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv) ANTI-SENSE: no 
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( V) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

TCGCCCAOCA AGGCCGGGAC GCTCC 25 

(2) INFORMATION FOR SEQ ID NO:45 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv ) ANTI-SENSE: no 

(V ) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ DD NO: 45: 

GACGGGGGAC GGGCTAGGTG GCTTA 25 

(2) INFORMATION FOR SEQ ID NO:46 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA 

(A) DESCRIPTION: PCR primer 

(iii) HYPOTHETICAL: yes 

(iv ) ANTI-SENSE: no 

( v) FRAGMENT TYPE: oligonucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

CTTGTTGCCG GCGGAGAGGG ^ ggQ „, NO :47: 
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(ii) 
(Hi) 
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SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5712 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
MOLECULE TYPE: cDNA to mRNA 
HYPOTHETICAL: no 

(iv ) ANTI-SENSE: no 

(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G ) CELL TYPE: ductal carcinoma in situ, invasive breast cancer 
and normal breast tissue 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained using published sequence 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: BRCAl 

(B) LOCATION: GenBank accession no. UU680 

(C) IDENTIFICATION METHOD: microscopically-directed 
sampling and nuclease protection assay 

(D) OTHER INFORMATION: gene encoding BRCAl protein 
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(xi) 



PUBLICATION INFORMATION: 

( A ) AUTHORS: Mild, Y., et. al. 

(B) TITLE: Astrongcandidategeneforthebreastandovanan 
cancer susceptibility gene BRCA1. 

(C) JOURNAL: Science 

(D) VOLUME: 266 

(E) PAGES: 66-71 

(F) DATE: 1994 

(K) RELEVANT RESIDUES IN SEQ ID NO: 47 
SEQUENCE DESCRIPTION: SEQ ID NO:47: 

Z 9 ct 8 a gacttcctgg ecccegeaee a^tgtggg = — « 
CCfcgctca ggaggcettc aecctetget ^ 

' „„ „ 8 „, L ... ... <* - •« « «■• 7 2,5 

r. « » «. «• - - » « ~ uu g,u r 

--i zzzz zzz 263 

Glu Pro Val Ser Thr Lys Cys Asp H.s He cy y 

«- ,«« aaa aaa 999 cct tea cag tgt cet tta tgt 311 

zz::zzzz:,z> 

Lys Asn Asp lie Thr Lys *rs 8Q 

r.. t ™ ----- 407 

Gin Leu Val Glu Glu L«u Leu Lys He He Cys 

°" . aat ttt gca aaa aag gaa aat 455 

aca ggt ttg gag tat gca aac age ta aat ttt . 
Thr oiy Leu Glu Tyr Ala Asn Ser Tyr Asn Phe Ly ^ 

■ MC tct cct cat eta aaa gat Z ,« « -« - = = J " 
Asn ser Pro Glu His Leu Lys Asp Glu Vat Ser Ue 

120 

Gly Tyr Arg Asn Arg Ala Lys Arg Le 
135 

« ™ ,., cm ... . ... r: * - z z Z Z Z Z m 

Pro Ser Leu Gin Glu Thr Ser Leu Ser Val Gin 
145 «• 1K 
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cect 9 t9 W ctg e 99 eca aag cag egg ata caa cct caa aag .eg 
Thr VI Arg Thr Leo Arg Thr Lys Gin Arg lie Gin Pro Gin Ly 8 Thr 
165 1™ 175 

tct gtc tac att gaa ttg gga tct gat tct tct gaa gat acc gtt aat 
Ser Val Tyr He Glu Leu Gly Ser Asp Ser Ser Glu Asp Thr Val Asn 

180 185 190 

aag gca act tat tgc »gt gtg gga gat caa gaa ttg tta caa ate aee 
Lys Ala Thr Tyr Cys Ser Val Gly Asp Gin Glu Leu Leu Gin lie Thr 

,o S 200 205 

eet caa gga acc agg gat gaa ate agt ttg gat tct gca aaa sag get 
Pro Gin Gly Thr Arg Asp Glu He Ser Leu Asp Ser Ala Lys Lys Ala 

210 215 220 

get tgt gaa ttt tet gag aeg gat gta aea .at act gaa eat eat eaa 
Ala Cys Glu Phe Ser Glu Thr Asp Val Thr Asn Thr Glu His His Cln 
225 230 235 240 

ccc agt aat aat gat ttg aac aee act gag aag cgt gca get gag agg 
Pro Ser Asn Asn Asp Leu Asn Thr Thr Glu Lys Arg Ala Ala Glu Arg 

245 250 255 

cat eca gaa aag tat cag ggt agt tct gtt tea aae ttg cat gtg gag 
His Pro Glu Lys Tyr Gin Gly Ser Ser Val Ser Asn Leu His Val Glu 

260 265 270 

cea tgt gge aea aat act eat gee age tea tta cag eat gag aae age 
Pro Cys Gly Thr Asn Thr His Ala Ser Ser Leu Gin His Glu Asn Ser 

275 28° 285 

agt tta tta etc act aaa gee aga atg aat gta gaa aag get gaa ttc 
Ser Leu Leu Leu Thr Lys Asp Ar, Met Asn Val Clu Lys Ala Glu Phe 

290 2'5 300 

tgt aat aaa age aaa cag cet gge tta gca agg age caa eat aae aga 
Cys Asn Lys Ser Lys Gin Pro Gly Leu Ala Arg Ser Gin His Asn Arg 
,,. 3« 320 

305 310 313 

tgg get gga agt aag gaa ae- tgt aat gat agg egg act ccc egc aea 
Trp Ala Gly Ser Lys Glu Thr Cys Asn Asp Arg Arg Thr Pro Ser Thr 

325 330 335 

gaa aaa aag gta gat ctg .at get gat ccc ctg tgt gag aga aaa gaa 
Glu Lys Lys val Asp Leu Asn Ala Asp Pro Leu Cys Glu Arg Lys Glu 

340 345 350 

tgg aat aag cag aaa etg eca tge tea gag aat ect aga gat act gaa 
Trp Asn Lys Gin Lys Leu Pro Cys Ser Glu Asn Pro Arg Asp Thr Glu 

355 360 365 

gat gtt cet tgg ata aea eta aat age age att eag aaa gtt aat gag 
Asp val Pro Trp lie Thr Leu Asn Ser Ser He Gin Lys Val Asn Glu 

370 375 380 

tgg ttt tee aga agt gat gaa etg tta ggt tet gat gae tea cat gat 
Trp Phe Ser Arg Ser Asp Glu Leu Leu Gly Ser Asp Asp Ser His Asp 
385 390 395 "0 

ggg gag tct gaa tea aat gee aaa gta get gat gta ttg gae gtt eta 
Gly Glu Ser Glu Ser Asn Ala Lys Val Alt Asp Val Leu Asp Val Leu 
405 410 415 



647 



695 



743 



791 



839 



887 



935 



983 



1031 



1079 



1127 



1175 



1223 



1271 



1319 



1367 
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aat gag gta 
Asn Glu Vat 



gcc egt gat 
Ala Ser Asp 
435 

tec aaa tea 
Ser Lys Ser 

450 
tat egg aag 
Tyr Arg lys 
465 

eta att ata 
Leu lie lie 

ccc etc aca 
Pro leu Thr 

cat cct gag 
His Pro Glu 



gat gaa 
Asp Glu 
420 

cct cat 
Pro His 



tat tct 
Tyr Ser 

gag get 
Glu Ala 



gta gag 
Val Glu 

aag gca 
Lys Ala 



cct gaa atg 
Pro Glu Met 
530 

gtg atg aat 
Val Met Asn 

545 
tct att cag 
Ser Ue Gin 
560 

gaa tct get 
Glu Ser Ala 

aat atg gaa 

Asn Glu Leu 



gga gca 
Gly Ala 
4B5 
aat aaa 
Asn Lys 
500 
gat ttt 
Asp Phe 
515 

ata aat 
lie Asn 



agt aat 
Ser Asp 
455 
age etc 
Ser Leu 
470 

ttt gtt 
Phe Val 



ggt tCt 

Gly Ser 
425 
tta ata 
Leu lie 
440 

att gaa 
lie Glu 



tea gag aaa 

Ser Glu Lys 

tgt eaa agt 
Cys Lys Ser 



ccc aac 
Pro Asn 

act gag 
Ser Glu 



tta aag 
Leu Lys 

ate aag 
lie Lys 

cag gga 
Gin Gly 



egt aaa 
Aeg Lys 



att act 
lie Thr 

aat gag 
Asn Glu 



aat agg ctg 
Asn Arg Leu 
610 

eta gta gtc 
Leu Val Val 

625 
att gat agt 
lie Asp Ser 
640 

caa atg cca 
Gin Met Pro 



ttc aaa 
Phe Lys 
580 
etc gaa 
Glu Leu 
595 

agg agg 
Arg Arg 



aat agt 
Asn Ser 
550 
aaa aat 
Lys Asn 
565 

aeg aaa 
Thr Lys 



aaa gca 
Lys Ata 
520 
act aac 
Thr Asn 
535 

ggt cat 
Gly His 



gae aaa ata 

Asp Lys Ue 
460 

tta age cat 
Leu Ser His 

475 
cca cag ata 
Pro Gin Ue 
490 

agg aga cct 
Arg Arg Pro 
505 

gat ttg gca 
Asp Leu Ata 



ata gae tta ctg 
lie Asp Leu Leu 
430 

gaa aga gtt cac 
Asp Arg Val His 
445 

ttt ggg aaa ace 
Phe Gly Lys Thr 



1415 



1463 



1511 



gta act 
Val Thr 

ata caa 
lie Gin 

aca tea 
Thr Ser 



caa aeg gag 
Gin Thr Glu 



cct aac 
pro Asn 

get gaa 
Ala Glu 



tta aat 
Asn lie 

aag tct 

Lys Ser 



agt aga 
Ser Arg 

tgt tct 
Cys Ser 



gtc agg 
Val Arg 
660 



aat eta 
Asn Leu 
630 
age agt 
Ser Ser 
645 

cac age 
His Ser 



ate cac 
Met His 
600 
tct ace 
Ser Thr 
615 

age cca 
Ser Pro 



gag aat aaa 
Glu Asn Lys 
555 

cca ata gaa 
Pro Ue Glu 

570 
cct ata age 
Pro He Ser 
585 

aat tea aaa 

Asn Ser Lys 



gtt caa 
Val Gin 
525 
cag aat 

Gin Asn 

540 

aca aaa 
Thr Lys 



gaa aat 
Glu Asn 
480 
gag egt 
Glu Arg 
495 

ggc Ctt 

Gly Leu 
510 

aag act 

Lys Thr 



1559 



1607 



1655 



1703 



ggt caa 
Gly Gin 

ggt gat 
Gly Asp 



1751 



1799 



tea etc 
Ser Leu 

age agt 
Ser Ser 



agg cat att 
Arg His Ue 



gaa gag 
Glu Glu 

aga aac 
Arg Asn 



cct aat tgt 
Pro Asn cys 
635 

ata aag aaa 
lie Lys Lys 

650 
eta caa etc 
Leu Gin Leu 
665 



gca cct 
Ala Pro 
605 
cat gcg 
His Als 
620 

act gaa 
Thr Glu 



gaa aaa 
Glu Lys 
575 
ata age 

He Ser 

590 

aaa aag 

Lys Lys 



1847 



1895 



1943 



ctt gaa 
Leu Glu 

ttg caa 
Leu Gin 



1991 



2039 



aaa aag tac aac 
Lys Lys Tyr Asn 
655 

atg gaa ggt aaa 
Met Glu Gly Lys 
670 



2087 



2135 
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gaa cct gca 
Glu Pro Ala 



agt eaa 89a 
Ser Lys Arg 
690 

gca cct ggt 
Ala Pro Gly 

705 
ttt gtc aat 
Phe Val Asn 
720 

aca gtt aaa 
Thr Vat Lys 

agt gga 9« a 
Ser Gly Glu 



act gga gcc aag 
Thr Gly Ala Lys 
675 

cat gee age gat 
His Asp Ser Asp 



tct ttt 
Ser Phe 

cct age 
Pro Ser 



att tea ttg 
lie Ser Leu 
770 

tta ctg gaa 
Leu Leu Glu 

785 
tgt gtg agt 
Cys Val Ser 
800 

ggt tgt tec 
Gly Cys Ser 

ttg gga cat 
Leu Gly His 



gtg tct 
Val ser 
740 
agg gtt 
Arg Val 
755 

gta cct 
Val Pro 



act aag 
Thr Lys 
710 
ctt cca 
Leu Pro 
725 

aat aat 
Asn Asn 



aag agt aac 
Lys Ser Asn 

680 
act ttc cca 
Thr Phe Pro 
695 

tgt tea aat 
Cys Ser Asn 



aag cca 
Lys Pro 

gag ctg 
Glu Leu 



aga gaa gaa 
Arg Glu Glu 



ttg caa 
Leu Gin 

ggt act 
Gly Thr 



gtt age 
Val Ser 

cag tgt 
Gin Cys 



gaa agt gaa 

Glu Ser Glu 
850 

aag cgc cag 
Lys Arg Gin 

865 
gaa tgt gca 
Glu Cys Ala 
880 

cca aaa gtc 
Pro Lys Val 

aat gag tct 
Asn Glu Ser 



aaa gat 
Ly6 Asp 
820 
gaa gtt 
Glu Val 
835 

ctt gat 
Leu Asp 



act eta 
Thr Leu 
790 
gca gca 
Ale Ala 
805 

aat aga 
Asn Arg 



get gaa gac 
Ala Glu Asp 
745 

act gaa aga 
Thr Glu Arg 

760 
gat tat ggc 
Asp Tyr Gly 
775 

ggg aag gca 
Gly Lys Ala 



acc agt 
Thr Ser 
715 
aaa gaa 
Lys Glu 
730 

ccc aaa 
Pro Lys 



aat gaa cag aca 
Asn Glu Gin Thr 
685 

aag tta aca aat 
Lys Leu Thr Asn 
700 

gaa ctt aaa gaa 
Glu Leu Lys Glu 



2183 



2231 



2279 



gag aaa 

Glu Lys 

gat etc 
Asp Leu 



tct gta 
Ser Val 

act cag 
Thr Gin 



ttt gaa aac 
Phe Glu Asn 



aac cac 
Asn His 

get cag 
Ala Gin 



tea ttt 
Ser Phe 

aca ttc 
Thr Phe 

act ttt 
Thr Phe 
900 
aat ate 
Asn lie 
915 



get ceg 
Ala Pro 
870 
tct gee 
Ser Ala 
885 

gaa tgt 

Glu Cys 

aag cct 
Lys Pro 



aat gac aca 
Asn Asp Thr 
825 

agt egg gaa 
Ser Arg Glu 

840 
tat ttg cag 
Tyr Leu Gin 
855 

ttt tea aat 
Phe Ser Asn 



aaa aca 
Lys Thr 
795 
ccc aag 
Pro Lys 
810 

gaa ggc 
Glu Gty 



gag agt 
Glu Ser 
765 
gaa agt 
Glu Ser 
780 

gaa cca 
Glu Pro 



eta gaa 
Leu Glu 
735 
atg tta 
Met Leu 
750 

age agt 
Ser Ser 



2327 



2375 



2423 



ate teg 
lie Ser 

aat aaa 
Asn Lys 



gga eta 
Gly Leu 

ttt aag 
Phe Lys 



aca age 
Thr Ser 

aat aca 
Asn Thr 



cac tct ggg 
His Ser Gly 



gaa caa aag 

Glu Gin Lys 
905 

gta cag aca 
Val Gin Thr 
920 



cca gga 
Pro Gly 
875 
tec tta 
Ser Leu 
890 

gaa gaa 
Glu GlU 



ata gaa 
lie Glu 
845 
ttc aag 

Phe Lys 
860 

aat gca 
Asn Ala 



att cat 
lie His 
815 
tat cca 
Tyr Pro 
830 
atg 

Met Glu 



247f 



2519 



2567 



2615 



gaa 2663 



gtt tea 
Val Ser 

gaa gag 
Glu Glu 



gtt aat 
Val Asn 



aag aaa caa agt 
Lys Lys Gin Ser 
895 

aat caa gga aag 
Asn Gin Gty Lys 
910 

ate act gca ggc 
lie Thr Ala Gly 
925 



2711 



2759 



2807 



2855 



2903 
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«pt aat qcc aaa tgt 2951 

m - - - - - 9 r ::; z z z z z «. «< 

phe pro V-l V.l W «» L > S £ LYS 9 40 

930 !!t tot eta tea tet ea 9 tte aga ggc *#> 

agt ate aaa gga ggc tet a 99 «t ** « ^ phe Arg >ly 

ser Ile Lys Gly Olv ser Arg Phe Cys Leu ^ 

"5 950 t aaa cet gga ctt tta caa aac 3047 

fcs „ Glu Thr ily Leu lie Thr Pro Asn Lys l» ^ 
960 

Lys Cys Lys Lys Asn Leu Leu 1M 5 

995 „ aaa aat gag aae att eea agt aea gtg age 319" 

«. cct gaa aga gaa atg a aat ^ ^ ^ ^ Ser 

Ser Pro Glu Arg Glu Met Gly Asn i» 1t20 

10,0 10 Ma aat gtt ttt aaa gaa gee age 323 

aee att age egt aat aac £ a,a aat ^ ^ ^ ^ ^ _ 
ThP lie Ser Arg Asn Asn He Arg ^ 

1025 ;„„ tee agt aet aat gaa gtg 99 e tee 321 

« age aat att aat 9 aa 9 t « ^ ^ ^ fily Ser 

ser ser Asn Ue Asn Glu Val Gly Ser ^ ^ 

1° 40 1045 . „„t aaa aac att caa gca gaa eta 33 

agt att aat gaa ata 99 t tee agt gat m «* ^ ^ 

ser ,le Asn Glu Ue Gly Ser Ser Asp «uA.n 

1060 . tta aat get atg ctt aga tt. ggg ■« 3 
ggt aga aae aga ggg cea aaa ttg aat g ^ ^ ^ 

GV y Arg Asn Ar, Gly Pro Lys Leu A.nAl. 

1075 » cet gga agt aat tgt aeg • 

ttg caa cet ga 9 gtc tat aaa cea ag « . _ ^ ^ Lys 
Le « Gin Pro Glu Val tyr Lys Gin S.r Leu ^ 

T° 90 1 - »«« ata gtt cag aet gtt 

— < 7 ZZZZZZ" ' 

His Pro Glu lie Lys Lys „ 15 

1105 I, oto att tea gat aae tta gaa eag ect 

aat aca gat tte tet cea tat etg Le(j ^ filn pr0 

A sn Thr Asp Phe Ser Pro Tyr Leu He ^ ^ 
1120 1125 t t tct gag aca cct gat gac 

at- gga agt agt cat gca tct cag 9 ^ Asp Asp 

Met 8l y ser Ser His Ala Ser Gin Val 

ga t act agt ttt get gaa aat 
ctg tta gat gat ggt gaa .« £ J| ^ ^ phe M , Glu , sn 
Leu Leu Asp Asp Gly Glu Ue ty ^ ^ 

1155 ♦ att ttt age aaa age gtc cag aaa gga 

gac att aag gaa agt tet get 9 ^ ^ ^ Gln Lys Gly 
ASP He Lys Olu ser Ser Ala Val P ^ 
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3719 



0M ctt -go egg .9* cct age cct ttc acc cat sea cat ttg get cag 
SEl^"*- o Phe Thr His Thr His Leu Ala 

1185 1190 " 

Mt tec cga aga ggg gec aag aaa tta gag tec tea gaa gag aac «. 

" y T yr Arg Arg .1, AU Lys Lys Leu «» ~ ~ Gl ° » l " * 
1200 1205 

rr=s===::::======? 

1220 1225 
aaa gta aac aat ata cct tct cag tct act agg cat age ace gtt get 
Z Z Asn Asn It. Pro Ser .!„ Ser Tnr Arg His Ser m Vat Ma 

1235 ««° 1W5 

acc gag tgt etg tct aag aac aca gag gag aat tta tta tea ttg aag 
Z Z CVS Ser Lys Asn Tnr Clu Clu Asn Leu Leu Ser Leu Lys 

1250 1255 1260 

aat age tta aat gae tge agt aac cag gta ata ttg gca aag gee tet 
Z Ser Leu Asn Asp Cys Sar Asn Gtn Val Ue Leu Ata Lys Ala Ser 

1265 1270 1275 

ca 9 gaa cat cae ctt agt gag gaa aca aaa tgt tct get age ttg tt« 
Z Z His His Leu Ser GLu Clu Thr Lys Oyster Ala Ser Leu ^ 
1 280 ^ Iffi 

« ,» c- W W '« "' "* ™ 

r ;i: « a - » - - - - » - - * - * 

1300 1305 

cag gat cct ttc ttg att ,gt tct tee aaa eaa etg a 98 eat cag tct 
"n Asp Pro PHe Leu He «ty Ser Ser Lys Cln Hat Ar fl >„ Cln Ser 

1315 1320 1325 

oaa a 9 c cag 99 a gtt ggt etg agt gac aag gaa ttg gtt tea gat gat 
Z " Z Z Val Cly Leu Ser Asp Lys Clu u- Val Ser Asp Asp 

1335 

gaa gaa w «. «g ggc ttg gaa t aat caa gaa gag caa age 

Z Clu Arg Cly Tnr Oly Leu Clu Clu Asn Asn Cln Clu Clu Cln Ser 
1350 1355 

.,» Z « »• »< - •» - •** - w r z 

lae ate tct gaa gac tgc tea ggg eta tee tct cag agt gac att tta 
" Z Ser Clu lap Cys Ser Cly Leu Ser Ser Cln Ser Asp lie Leu 

1380 « 85 " 90 

.„„ n „t acc atg caa cat aac etc ata aag etc eag 

1395 1400 
caa B aa atg get gaa eta gaa get gtg tta gaa cag cat ggg age cag 

1410 1^ 15 ^ 

cct tct aac age tac cct tec ate ata agt gae tet tet gec ctt gag 

Z t L L ivr « - ■•• ><• - '•■> s «- s " L ~ " 

1425 1« 1435 



3767 



3815 



3863 



3911 



3959 



4007 



4055 



4103 



4151 



4199 



4247 



4295 



4343 



4391 



4439 
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uast 



4535 



gac ctg cga oat cca gaa caa age aca tea gaa aaa gca gta tta act 
Asp Leu Arg Asn Pro Glu Gin Ser Thr Ser Glu Lys Val Leu Gin Thr 
1U 0 1«45 H50 1455 

tea cag aaa agt agt gaa tac cct ata age cag aat cca gaa ggc ctt 
Ser Gin lys Ser Ser Glu Tyr Pro lie Ser Gin Asn Pro Glu Gly Xaa 

Ho0 1465 1*70 

tct get gac aag ttt gag gtg tct gca gat agt tct aee agt aaa aat 4583 
Ser Ala Asp Lys Phe Glu Val Ser Ala Asp Ser Ser Thr Ser Lys Asn 

H75 I* 80 1485 

aaa ga. cca gga gtg gaa agg tea tee eet tct aaa tge eea tea tta 4631 
Lys Glu Pro Gly Val Glu Arg Ser Ser Pro Ser Lys Cys Pro Ser Leu 

1490 H95 1500 

gat gat agg tgg tae atg cac agt tge tet ggg agt ctt eag aat aga 4679 
Asp Asp Arg Trp Tyr Met His Ser Cys Ser Gly Ser Leu Gin Asn Arg 
1505 1510 1515 «20 

aac tac cca tct caa gag gag etc att aag gtt gtt gat gtg gag gag 4727 
Asn Tyr Pro Pro Gin Glu Glu Leu lie Lys Val Val Asp Val Glu Clu 

1525 1530 1S35 

caa eag ctg gaa gag tet ggg eea eae gat ttg .eg gaa aca tet tae 4775 
Gin Gin Leu Glu Glu Ser Gly Pro His Asp Leu Thr Glu Thr Ser Tyr 

1540 1545 1550 

ttg eca agg caa gat eta gag gga acc cct tac ctg gaa tet gga ate 4823 
Leu Pro Arg Gin Asp Leu Glu Gly Thr Pro Tyr Leu Glu Ser Gly I le 

1555 1560 1565 

age etc ttc tet gat gae eet gaa tet gat eet tet gaa gac aga gee 4871 
Ser Leu Phe Ser Asp Asp Pro Glu Ser Asp Pro Ser Glu Asp Arg Ata 

1570 1575 1580 

cca gag tea get cgt gtt ggc aae ata eea tct tea aee tet gca ttg 4919 
Pro Glu Ser Ala Arg Val Gly Asn lie Pro Ser Ser Thr Ser Ala Leu 
15B5 «90 15W 1600 

aaa gtt ccc caa ttg aaa gtt gca gaa tct gec cag agt cca get get 4967 
Lys Val Pro Gin Leu Lys Val Ala Glu Ser Ala Gin Ser Pro A». Ala 

1605 I*" 1615 

get cat act act gat act get ggg tat aat gca atg gaa gaa agt gtg 
Ala His Thr Thr Asp Thr Ala Gly Tyr Asn Ala Met Glu Glu Ser Val 

1620 1625 1«0 

age agg gag aag eea gaa ttg aca get tea aca gaa agg gte aae aaa 
ser Arg Glu Lys Pro Glu Leu Thr Ala Ser Thr Glu Arg Val Asn Lys 



5015 



5063 



1635 I** 0 1645 

aga atg tee atg gtg gtg tct ggc ctg ace eea gaa gaa ttt atg etc 
Arg Met ser Met Val Val Ser Gly Leu Thr Pro Glu Glu Phe Met Leu 

,650 1*55 1**° 

gtg tae aag ttt gee aga aaa cac eae ate act tta act aat eta a t 
Val Tyr Lys Phe Ala Arg Lys His His lie Thr Leu Thr Asn leu 1 1 e 
1665 1*70 1* 75 1680 

act gaa gag act act cat gtt gtt atg aaa aea gat get gag ttt gtg 
Thr Glu Glu Thr Thr His Val Val Met Lys Thr Asp Ala Glu Phe Val 
1685 1*90 ,695 



5111 



5159 



5207 
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tff 9 aa egg aca ct 8 aaa tat ttt eta gga att B c 8 BS a 88 a aaa t 99 5255 
Cys Glu Arg Thr Leu Lys Tyr Phe Leu Gly He Ala Gly Gly Lys Trp 

1700 1705 e 5303 

9t . 9 tt a 9 c tat ttc m 9t 9 acc ca 9 tct att aaa 8 aa a 8 a aaa ate 

Vol Val Ser Tyr Phe Trp Val Thr Gin Sen He Lys Glu Arg Lys Het 

1715 1720 1725 

ct 8 aat 8 a 9 cat 8 at ttt 9 aa 8 tc a 8 a 88 a 9 at fl t 8 8 tc aat 88 a a 8 a 5351 
Ueu Asn Glu His Asp Phe Glu Val Ar 8 Gly Asp Val Val Aso Gly Ar 9 

1730 1735 1740 

;aa ggt cca aag cga gee age gaa 
Jin Gly Pro Lys Arg Ala Arg Glu 

1750 1755 

" . . . ~~ ^ Are aac atg ccc 5447 



aac cac caa 89 t cca aa 9 c 9 . 9 ca a 9 a 9 a. tec ca 9 9 ac a 9 . aa 9 a c 
Asn His Gin Gly Pro Lys Ar 9 Ala Arc Glu Ser Gin Asp Ar 8 Lys le 
1745 1750 1755 1760 

ttc egg 899 eta 9 aa ate t 9 t t 9 e tat 999 ccc ttc ace aac atg ccc 
Phe Arg Gly Leu Glu He Cys Cys Tyr Gly Pro Phe Thr Asn Het Pro 
1765 1770 1775 



5495 



5543 



5591 



5639 



aca gat caa ctg 8 aa tgg atg gta ca 8 etg tgt ggt g t tct gt g 
Thr Asp Gin Leu Glu Trp Met Val Gin Leu Cys Gly Ale Ser Val Val 

1780 1785 1™ 

aag gag ett tea tea ttc ace ett ggc aca 99 t gte cac cca att gtg 
Lys Glu Leu Ser Ser Phe Thr Leu Gly Thr Gly Val His Pro .le Val 

1795 1800 1805 

gtt gtg cag cca gat gec tgg aca gag gac -at ggc ttc cat gca at 
Val Val Gin Pro Asp Ala Trp Tht Glu Asp Asn Gly Ph. H,s Ala lie 

1810 «15 1820 

ggg cag atg tgt gag gc. ect gtg gtg acc cga gag tgg gtg ttg gac 

1825 WO 1835 

agt gta gca etc tae ea 9 tgc cag gag etg gac ace tee etg eta ccc 5687 
Ser V 8l Ala Leu Tyr Gin Cys Gin Glu Leu Asp Thr Tyr Leu Me Pro 

1845 1° 50 1855 

1W 5712 
cag ate ccc cac age cac tac tgat 

Gin He Pro His Ser His Tyr 

1860 

(2) INFORMATION FOR SEQ ID NO:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1237 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA regulatory sequence 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 
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(v) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: normal breast 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

( vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library derived from human 

(B) CLONE: obtained using published sequence 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: unknown 

(B) MAP POSITION: unknown 

(C) UNITS: unknown 

(ix) FEATURE: 

(A) NAME/KEY: BRCA1 promoter 

(B) LOCATION: 

(C) IDENTIFICATION METHOD: restriction enzyme digest 

(D) OTHER INFORMATION: DNA sequence regulating gene 
encoding BRCA1 protein 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Brown et al. 

(B) TITLE: Scientific Correspondence 

(C) JOURNAL: Nature 

(D) VOLUME: 372 

(E) PAGES: 733 

(F) DATE: 22/29 DECEMBER 1994 

(K) RELEVANT RESIDUES IN SEQ ID NO: 48 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48: 

TTCCGGGACT CTACTACCTT TACCCAGACG AGAGGGTGAA GGCCTCCTGA TCGCAOG^ 60 
CCAGTTATCT GAGAAACCCC ACAGCCTGGT GCGGGGTCCA GGAAGTCTCA GCGAGCTCAC 120 
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SAO 
600 
660 
720 
780 
840 



1020 
1080 
1140 



====== I 

====== 

£™ — C ATTACCCCAC TCTTTCCGCC CTAATGGAGT CCTCCAGTTT 

mZZ aaggattgtt gggaggtgga gggaaagaac tact ATT tcc aacatgcatt 
ZZZ AGGCCTTGGC cacactgttc cttggaaact ctagtcttat = 

ATCCAATACC AAAGCGGGCA CAATTCTCAC GGAAATCCAG TGGATAGATT GAGAC 

CCGGGCTTAT acatgtcaac agtaatattg ggttgttatg ttctccta t« 

AGACTAGGCC AAAAAAAGAT ATAGGAAGAC TACGATTCCC ATCCAGCCCC ACGAGTCTCG 
rCAl G CCTCTAAGGT CAGTGGCCTG CGGGGACGCA GTGGGCGCCG AATTTGCCTG 90 
ZZZ " TGGTCACATC TGCGCACTCC TAGTTCCGCC = , 6 0 
AATGTTTGTT ATTGTTGTTC GGGTTCAGGT TGCTTCTGCC CCGCCCCATC GACGCAATCT 
"a ATGGCGTGGT CGTTTTGAGG GACAAGTGGT = — 
ucACItGOA CAAACACKG ACTACTTACT OICIITAIK CCCATCT1AG ATTCACCCCA 

ZZZ ™ — — 6 — " " 

CCGGGGGCGG GAAGCTGGTA AGGAAGCAGC TGCGGTT XTri . AQ . 

(2) INFORMATION FOR SEQ ID NO:49. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1863 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: no 

(iv) ANTI-SENSE: no 

( V ) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapiens sapiens 

(C) INDIVIDUAL/ISOLATE: 

(D) DEVELOPMENTAL STAGE: adult 

(F) TISSUE TYPE: female breast 

(G) CELL TYPE: normal breast tissue 

(H) CELL LINE: not derived from a cell line 

(I) ORGANELLE: no 

(ix) FEATURE: 

(A) NAME/KEY: BRCA1 protein 
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2 (B) LOCATION: 1 to 1863 

(C) IDENTIFICATION METHOD: observation of mRNA and 
antisense inhibition of BRCA1 gene 

(D) OTHER INFORMATION: BRCAl protein has a negative 
regulatory effect on growth of human mammary cells. 

(X ) PUBLICATION INFORMATION: 

(A) AUTHORS: Miki, Y. ( et. al. 

(B) TITLE: A strong candidate gene for the breast and ovarian 

cancer susceptibility gene BRCAl. 

(C) JOURNAL: Science 

(D) VOLUME: 266 

(E) PAGES: 66-71 

(F) DATE: 1994 

(K) RELEVANT RESIDUES IN SEQ ID NO: 49 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

Met Asp Leu Ser Ala Leu An, Val Glu G lU Val Gin Asn Vat lie Asn 

5 10 « 

Ma Het Gin Lys lie Leu Glu Cys Pro lie Cys Leu Glu Leu lie Lys 

20 25 30 

Glu Pro Val Ser Thr Lys Cys Asp His 11. Phe Cys Lys Phe Cys Met 

35 <° A5 

L eu Lys Leu Leu Asn Gin Lys Lys Gly Pro Ser Gin Cys Pro Leu Cys 

50 55 °0 

Ly8 Asn Asp lie Thr Lys Arg Ser Leu Gin Glu Ser Thr Ar 9 Phe Ser 



65 



70 75 80 



Gin Leu Val Glu Glu Leu Leu Lys He lie Cys Ala Phe Gin Leu Asp 

90 95 



85 



Thr Gly Leu Glu Tyr Ala Asn Ser Tyr Asn Phe Ala Lys ys Glu Asn 

100 110 
Asn Ser Pro Glu His Leu Lys Asp Glu Val Ser lie He Gin Ser Net 

115 120 125 

. » „ »r« al a lvs Arg Leu Leu Gin Ser Glu Pro Glu Asn 
Gly Tyr Arg Asn Arg Ala Lys «rg t« •- 



135 «° 



Pro Z Leu Gin Glu Thr Ser Leu Ser Vat Gin Leu Ser Asn Leu Gly 



155 1°0 



145 150 
Thr val Arg Thr Leu Arg Thr Lys Gin Arg lie Gin Pro Gin Lys Thr 

165 "0 175 

S er Val Tyr lie Glu Leu Gly Ser Asp Ser Ser Glu Asp Thr Val Asn 
180 «5 190 
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Ly s Ma Thr Tyr Cy S Ser Val Gly Asp Gin Glu leu Leu Gin lie Thr 

200 205 



195 



215 220 
Glu Thr Asp Val Thr Asn Thr Glu His His Gin 



210 

AIb Cys Glu Phe Ser 
225 



230 



235 



240 



Pro ser Asn Asn Asp Leu Asn Thr Thr Glu Lys Ar g Ala Ala Glu Arg 



245 



250 



is Pro Glu Lys Tyr Gin Gly Ser Ser Val Ser Asn Leu His Val Glu 



260 



265 



270 



Pro Cys Gly 
275 



Thr Asn Thr His Ala Ser Ser Leu Gin His Glu Asn Ser 



280 



285 



Ser L eu Leu Leu Thr Lys Asp Arg Het Asn Val Glu Lys Ala Glu Phe 

290 »5 300 

cys Asn Lys Ser Lys Gin Pro Gly Leu Ala Arg Ser Gin His Asn An, 

305 310 315 

Trp Ala Gly Ser Lys Glu Thr Cys Asn Asp Arg Arg Thr Pro Ser Thr 

325 330 335 

0UJ Lys Lys Val Asp Leu Asn Ala Asp Pro Leu Cys Glu Arg Lys Glu 

340 345 3SO 

Trp Asn Lys Gin Lys Leu Pro Cys Ser Glu Asn Pro Arg Asp Thr Glu 

355 360 365 

A8P val Pro Trp He Thr Leu Asn Ser Ser He Gin Lys Val Asn Glu 

370 375 380 

Trp Phe Ser Arg Ser Asp Glu Leu Leu Gly Ser Asp Asp Ser His Asp 

385 390 395 

. Gly Glu Ser Glu Ser Asn Ala Lys Val Ala Asp Val Leu Asp Val Leu 



405 



410 



A8 n Glu Val Asp Glu Tyr Ser Gly Ser Ser Glu Lys He Asp Leu Leu 



420 

Ala Ser Asp Pro 
435 



425 



430 



His Glu Ala Leu lie Cys Lys Ser Asp Arg Val His 



440 



445 



Ser Lys Ser Val Glu Ser Asp lie Glu Asp Lys He Phe Gly Lys Thr 
455 460 
Ala Ser Leu Pro Asn Leu Ser His Val Thr Glu Asn 



450 

Tyr Arg Lys Lys 
465 
Leu 



470 



475 



480 



He |i. Gly Ala Phe Va. Ser Glu Pro Gin Ue He Gin Glu Arg 
485 495 
Pro Leu Thr Asn Lys Leu Lys Aeg Lys Arg Arg Pro Thy Ser Gly Leu 

500 505 510 

His Pro Glu Asp Phe He Lys Lys Ala Asp Leu Ala Val Gin Lys Thr 



520 525 
pro Glu Het He Asn Gin Gly Thr Asn Gin Thr Glu Gin Asn Gly Gin 

530 535 540 

Val Het Asn He Thr Asn Ser Gly His Glu Asn Lys Thr Lys Gly Asp 

545 550 555 

Ser He Gin Asn Glu Lys Asn Pro Asn Pro He Glu Ser Leu Glu Lys 



515 



560 



565 



570 
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Clu Ser Ala Phe Lys Thr Lys Ala Glu Pro lie Ser Ser Ser lie Ser 

580 585 590 

Asn Glu Leu Clu Leu Asn He Met His Asn Ser Lys Ala Pro Lys Lys 

5,5 600 605 

Asn Ar 9 Leu Arg Arg Lys Ser Ser Thr Ar, His lie His Als Leu Clu 

610 615 620 

Leu val val Ser Arg Asn Leu Ser Pro Pro Asn Cys Thr Glu Leu Gin 

625 «° 635 

He Asp Ser Cys Ser Ser Ser Clu Glu He Lys Lys Lys Lys Tyr Asn 
640 645 650 655 

Gin Het Pro Val Arg His Ser Arg Asn Leu Gin Leu Met Glu Cly Lys 

660 665 670 

Glu Pro Ala Thr Cly Ala Lys Lys Ser Asn Lys Pro Asn Glu Gin Thr 

675 680 685 

Ser Lys Arg His Asp Ser Asp Thr Phe Pro Glu Leu Lys Leu Thr Asn 

690 695 700 

Ala Pro Gly Ser Phe Thr Lys Cys Ser Asn Thr Ser Glu Leu Lys Glu 

705 710 715 

Phe val Asn Pro Ser Leu Pro Arg Glu Glu Lys Glu Glu Lys Leu Glu 
720 725 730 735 

Thr Val Lys Val Ser Asn Asn Ala Glu Asp Pro Lys Asp Leu Met Leu 

740 745 750 

Ser Gly Glu Arg Val Leu Gin Thr Glu Arg Ser Val Clu Ser Ser Ser 

755 760 765 

lie Ser Leu Val Pro Gly Thr Asp Tyr Gly Thr Gin Glu Ser He Ser 

770 775 780 

ueu Leu Glu Val Ser Thr Leu Gly Lys Ala Lys Thr Glu Pro Asn Lys 



785 



790 



795 



Cys Val Ser Gin Cys Ala Ala Phe Glu Asn Pro Lys Cly Leu lie His 



810 



800 a05 
Gly Cys Ser Lys Asp Asn Arg Asn Asp Thr Glu Gly Phe Lys Tyr Pro 

820 825 830 

Leu Gly His Clu Val Asn His Ser Arg Glu Thr Ser lie Glu Met Glu 

835 840 845 

Glu Ser Glu Leu Asp Ala Gin Tyr Leu Gin Asn Thr Phe Lys Val Ser 

850 855 860 

Lys Arg Gin Ser Phe Ala Pro Phe Ser Asn Pro Gly Asn Ala G.u Glu 
865 870 875 

Ala Thr Phe Ser Ala His Ser Cly Ser Leu Lys Lys Gin Ser 
885 890 



Glu Cys 
880 
Pro Lys 



895 



Val Thr Phe Glu Cys Glu Gin Lys Glu Glu Asn Gin Gly Lys 



900 



905 



910 



lie Lys Pro Val Gin Thr Val Asn lie Thr Ala Gly 



920 



925 



Asn Glu Ser Asn 

Phe Pro val Val Gly Gin Lys Asp Lys Pro Val Asp Asn Ala Lys Cys 

930 « 940 

Ser lie Lys Gly Gly Ser Arg Phe Cys Leu Ser Ser Gin Phe Arg Cly 

945 'SO 



955 
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Asn Clu Thr Gly Leu ,1. Thr Pro Asn Lys His Gly Leu Leu Gln*n 
965 

M„ -«•- 'Z n ' 

980 985 
Ly8 CVS Lys Lys Asn Leu Leo «u GU, Asn Phe .1. Glu His*. Het 

995 



1000 



ser Pro Clu Ar 9 Clu Met «.y Asn Giu Asn He Pro Jr* Val Ser 

1010 1015 

»«n lie Ara Glu Asn Val Phe Lys Glu Ala Ser 
Thr lie Ser Arg Asn Asn lie *rg ui" « 



ser Ser\.n ,U Asn Glu Ve, Gly Ser Ser Thr Asn Glu V.l Gly Ser 



1030 



1035 



1040 

Ser lie Asn Glu 



1045 



1050 



1055 



II, Gly Ser Ser Asp Glu Asn Ue Gin Ala Glu Leu 



1060 



1065 



1070 



Gly 



Arg Asn Ar 9 Gly Pro Lys Leu Asn Ms Het Leu Ar 9 L« «V Vel 



1075 



1080 



Leu Gin Pro 
1090 



^i* c*r i<hj Pro Gly Ser Asn Cys Lys 
Glu Val Tyr Lys Gin Ser Leu pro uty 



1095 



1100 



His 



„. m ,.. iv» w oi- w ««• «« «•' «" "" " l 



1110 



1115 



«.ly Ala Ser Gin Val Cys Ser Glu Thr Pro Asp Asp 



1125 



1130 



1135 



1145 



1150 



Ue Lys Glu Asp Thr Ser Phe Ala Glu Asn 



1140 

Leu Leu Asp Asp Gly Glu 
1155 



1160 



1165 



Clu L eu Z\r 9 ser Pro Ser Pro Phe Thr His Thr Hi. Leu Ale Gin 



1175 



1185 



1190 



1195 



r~ «. » « « « * * - - i - m :r" 



1205 



1210 



1220 



1225 



1230 



Lvs vat Asn Asn Ue Pro Ser Gin Ser Tnr Ar 9 His Ser T^Val Ala 



1235 



1240 



Thr Clu Cys Leu Ser Lys Asn Thr Glu Glu Asn Leu Leu Ser Leu Lys 

1255 12 

„„ s ,r r» m «. - - «- » i z M m " 



1270 



r- » <* « - - « - L ~ • *" * Si" 



1285 



1290 



1295 



1300 



1305 



1310 



CU Asp Pro Phe Leu Ue Gly Ser Ser Lys Gin Het Ar 9 .U «n Ser 



1315 



1320 



Glu ser Gin Gly V.t Gly Leu Ser Asp Lys Glu Leu Valuer Asp Asp 



1330 



1335 
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Glu Glu Arg Gly 
1345 

Met Asp Ser Asn Leu 
1360 



Thr Gly Leu Glu Glu Asn Asn Gin Glu Glu Gin Ser 



1350 



1355 



Gly Glu Ala Ale Ser Gly Cys Glu Ser Glu Thr 



1365 



1370 



1375 



ser 



Val ser Glu Asp Cys Ser Gly Leu Serjer Gin Ser Asp «m Leu 



1380 



1385 



Thr Th r Gin Gin Ar 9 Asp Thr Het .In His Asn Leu Ue Lys^Leu .In 
1395 

0ln Glu Het AU Glu Leu Gtu AU Val Leu Glu Gin HU Gly Ser Gin 

1410 1W 
, r0 ser Asn Ser Tyr Pro Ser Ue Ue Ser Asp Ser Ser Ale Leu Glu 



1425 



1430 



1435 



Asp Leu Arg Asn Pro Glu Gin Ser 



Thr Ser Glu Lys Val Leu Gin Thr 



1440 



1445 



1450 



1455 



Ser Gin Lys Ser Ser 
1460 



Glu Tyr Pro lie Ser Gin Asn Pro Glu Gly Xaa 



1465 



1470 



. nun rlu Val Ser Ala Asp Ser Ser Thr Ser Lys Asn 
Ser Ala Asp Lys Phe Glu Val ser #ua * h 



1475 



1480 



Lys Glu Pro Gly vat .1. Ar 9 Ser ser Pro Ser Lys Cys Pro Ser Leu 

1490 1495 

Asp AspAr 9 Tr P TyrMet ... Ser Cys Ser Closer Leu Gin Asn Ar 9 



1510 



1520 



Glu Leu He Lys Val Val Asp Val Glu Glu 



1530 



1535 



Gly Pro His Asp Leu Thr Glu Thr Ser Tyr 



1545 



1550 



1505 

Asn Tyr Pro Pro Gin Glu 
1525 

Gin Gin Leu Glu Glu Ser 

Leu Pro Ar 9 cm Asp Leu Glu .ly Thr Pro Tyr Leu Glu Ser Gly Ue 

1555 « 60 

Glu Ser Asp Pro Ser Glu Asp Arg Ala 

1575 1580 
Pr0 Tser Ma Ar 9 Vet Cty Asn Ue Pro Server Tar Ser Ala £ 



Ser Leu Phe Ser Asp Asp Pro 



S'val Pro CVn Leu L^Vet AU .1. Ser Ala Ctn Ser Pro AlaMa 

1605 W\Q 
Al . His T„r Thr Asp THrAU OyTyrAsnALHet cm cm Ser Vat 

1620 1625 
ser Arg clu L ys Pro Clu L eu Thr Ala Ser Thr Glu Ar^V.t Asn Lys 
1£*5 1640 ^ 



1590 



1595 



1655 



1660 



1670 



1685 



1690 



Cy sGluAr 9 Thr Leu L ys Tyr Phe Leu Gly Ue Ala Gly Gly Lys Tr P 



1700 



1705 



D . Tro Val Thr cln Ser He Lys Glu Arg Lys Met 
Val Val Ser Tyr Phe Trp Val mr y% ^ 



1715 



1720 
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Leu Asn Glu His Asp 
1730 



Phe Glu Val Arg Gty Asp Val Val Asn Gly Arg 



1735 



1740 



A sn His Ctn 6l y Pro Lys Ar fl Ma *r 9 «« - Cln Asp Ar. Lys »U 



I^Am Gl y Leu GU, it". Cys Cys Tyr .ly Pro Phe T h r Asn He, Pro 



1750 



1755 



1760 



1765 



1770 



1775 



Thr *s P Ctn Leo CLu Trp Met V.l dn Leu Cys .ly Ma MM* V.I 



1780 



1785 



Lys Gl u Leu Ser Ser Phe Thr Leu «y Thr Gty Vat His Pro .1. Val 

1795 1800 IS05 

Val Val Gin Pro Asp 

Gly 2n« Cys Glu Ala Pro Val Val Thr A. Olu Trp Val Leu Asp 



A la Trp Tht Glu Asp Asn Gly Phe His Ala lie 



1815 



1820 



1825 
Ser 



1830 



1835 



1840 



Val Ala Leu Tyr Gin Cys Gin Glu Leu Asp Thr Tyr leu lie Pro 

1850 1855 



1845 

Gin He Pro His Ser His Tyr 
1860 
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CLAIMS 

What I claim is: 
1. 



l claim is: . , 

, A metitod for de«ecting differential expression of a, leas, one marker 

„e„e in ore-invasive cancerous breast tissue, said method comprising tine steps of: 

Ussue which exhibits histCogico. or cvtological characters of pre— breast 

cancer; , 
ft) isolating mRNA from said abnormal breast tissue sample; 
Z preparing a. least one abnormal breast tissue cDNA Ubrarv from sard 
niT* isolated from said abnormal breast tissue sample; 

IT a norma, breast tissue sampie from humans either wrth o 

wi JLse, said L* breast tissue samp, comprising substantia,* — * 
Lma. breas, tissue which does no, exhibit nistoiogicai or cvto.og.cai cha—cs 

° f pr T;~- - — - - ft ° m - 

" 0rmal r — 1 — breast tissue «U .ibrarv wi, — 
« . cDNA ttbra™ to deKtmine whemer use expression of a, leas, one marker gene 

ossuesamp Wsto i OE ical characteristics are collecled. 

exhibiting abntmnal cvbologtcul or h*«otog ^ ^ 

4 The method according to Claim 5 wnerem *u 

« Jtia. expression of said mark, gene in said norma, tissue sampfe and m - 
format .issue samp.e b, using a hvbridiaation or PCR techno 
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6 . The method according to Claim 5 wherein said hybridization technique 

comprises RT-PCR. . 

7. The method according to Claim 5 wherein said hybridizarion techmqoe 

comprises noclease protection assays. 

8 The method according to Claim 5 wherein said hybridization tectuuque 
uprise, in-siru hybridization of RNA in said abnormal .issue sample and in sard 

normal tissue sample. 

9 The method according to Claim 1 wherein said abnormal cDNA horary 
and said normal cDNA library are compared by means of differential display. 

10 The method according to Claim 1 wherein said abnormal cDNA library 
and said normal cDNA library are compared by means of differential screening. 

11. The method according to claim 1, wherein said normal tissue comprises 

normal breast tissue cells. 

12. The method according to claim 1, wherein said abnormal breast tissue 

cells are non-comedo ductal carcinoma in situ cells. 

13 The method according to claim 1, wherein the primer used in the PCR 
amptification technique is selected from the group consisting of randomly selected 
primers having the sequences 

5- .CGCGACGGCCGCGCCTCTCCCACGG-3' , 5' -CTTGCCCGCATACGCACAAC-3' , 
5 .-AACCCTCACCCTAACCCCAA-3<. 5' -C6CCCCTGCGTTACCCTCCCCGCCG-3' i 
5 ' -GGATGGCGTCCTGTAACCCGACGCT-3' , 5 ' -ACTGGGCTGTCCTGCGGTGGCGGGG-V , 
5 ' -CTGAGAGGTAGCCGCGCGGAGGCTG-3' , 5 ' -GCCTGGCCGC6ACACGGATTACCGC-3 
' 5 1 -7TAGCGCATGGTG6ACCTG6AGACG-3' • 5 ' -TGTGGTTACGTCAGCGAAGGTAAT A-3 . 
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15. A method of diagnosing the presence of pre-invasive breast cancer in 
human pathologic tissues, said method comprising the steps of: 

(a) obtaining an abnormal breast tissue sample by a collection step wherein 
said abnonnal breast tissue sample comprises substantially exclusively abnormal breast 
tissue which exhibits histological or cytological characteristics of pre-invasive breast 
cancer; 

(b) isolating mRNA from said abnonnal breast tissue sample; 

(c) preparing at least one abnormal breast tissue cDNA library from said 
mRNA isolated from said abnormal breast tissue sample; 

(d) obtaining a normal breast tissue sample from humans either with or 
without disease, said normal breast tissue sample comprising substantially exclusively 
normal breast tissue which does not exhibit histological or cytological characteristics 

of pre-invasive breast cancer; 

(e) preparing at least one normal breast tissue cDNA library from said 

normal breast tissue sample; and 

(f) comparing said abnormal breast tissue cDNA library with said normal 
tissue cDNA library to determine whether the expression of at least one marker gene 
in said abnormal breast tissue sample is different from the expression of said marker 
gene in said normal breast tissue sample. 

(g) cloning said differentially expressed marker gene using sequence-based 

amplification to create a cloned marker gene; 

(h) sequencing said cloned marker gene; 

(i) producing proteins encoded by said cloned marker gene; 



i 
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18. The method according to claim 15, wherein said medical diagnostic tests 

comprise blood tests. 

19. The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences designed to clone marker genes encoding 
secreted proteins. 

20. The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences designed to clone marker genes encoding 

transcription factors. 

21. The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences designed to clone marker genes encoding 
RibRed. 

22. The method according to claim 15, wherein said cloned marker genes 
encoding secreted proteins are employed in the diagnosis of specific diseases by using 
a blood test. 

23. The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences adapted to clone marker genes which encode cell 
surface proteins. 

24. The method according to claim 15, wherein said proteins encoded by said 
cloned marker comprise cell surface proteins and wherein the presence of said proteins 
as a diagnostic indicator is detected by using a diagnostic imaging test. 

25. A diagnostic method to determine the presence of pre-invasive breast 
cancer using detection of a differentially expressed marker gene, according to claim 15, 
wherein said diagnostic method comprises: 

a) obtaining a substantially purified marker gene which is expressed to a 
greater degree in cells collected by a microscopically-directed cloning method from 
abnormal tissue than in cells collected from normal tissue; 

b) probing tissues using a hybridization technique to determine whether said 
substantially purified marker gene is differentially expressed; and, 

c) probing nucleic acids of tissues using a standard hybidization technique 
to determine the presence of said substantiallly purified marker gene in a tissue, the 
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presence of the marker gene indicating the presence of non-comedo DCIS which is pre- 

invasive breast cancer. 

26. The method according to claim 25, wherein said substantially purified 

marker gene has the sequence listed 
according to SEQ ID NO:l, which comprises 

TTGGGAATTG GGTACGCGGG CCCCCCACTG TGCCGAATTC CT6CAT6CGG GGGATCCACT 60 
AGTTCA6AGC AGGCCGCCAC CCGTAGGACT CCAGCTTTTG TTCGTTCCCT TTAGTGAGGG 120 
TTAATTTTCG AGCTTGGCGT AATCATGGTC ATAGCTGTTT CCTGTGTGAA ATTGTTATCC 180 
GCTCACAATT CCACACAACA TACGAGCCGG AAGCATAAAA GTGTAAAGCC TGGGGTGCCT 240 

264 

~ ™ method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:2, which comprises 

TAGCCCGGTT ATCGAAATAG CCACAGCGCC TCTTCACTAT CAGCAGTACG CCGCCCAGTT 60 

GTACGGACAC^GGA ^ ^ ^ ^ ^ ^ substantially purified 

marker gene has the sequence listed according to SEQ ID NO:3, which comprises 

TrnCCCATGT GTGTCGTACA ACTGGCGCTG TGGCTGATTT CtSATAA 46 

TGCCC 29 The method according to claim 25, wherein said substantially purified 
marker gene has the sequence Usted according to SEQ ID NO:4, which comprises 

TAGCCCATGA GTTCGTGTCC GTACAACTGG GGCGCTGTGG CTGATTTCGA TAHNNNNAGC 60 

ATCAGCCCGA^CG ^ ^ ^ ^ ^ ^ purifxed 

marker gene has the sequence Usted according to SEQ ID NO:5, which comprises 

TAGCCCGGTT ATCGAAATCA GCCACAGCGC CTAACTTCTG CAGAAGCCTT TGACCATCAC 60 
CAGTTGTACG GACACGAACT CATC ^ 

'31 The method according to claim 25, wherein said substantially purified 
marker gene has the sequence Uste4 according to SEQ ID NO:6, which comprises 

GTGGTTTCCC AAATTCCTGG GAAGGGGGGT GCTGGCGTGT GGAATTGTCG CGGCCCCTGG 60 
TCTGCCGCGG CGTTTTTTGT CTACATTCGT CGTACCTCG 
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32. 



M The method according to claim 25, wherein said substantially purified 
mark er gene has the sequence listed according to SEQ ID NO:7, which comprises 

ATCAGCGCGC GACATTCGGG TACCCGCGCC CCCCCCTCCG TCGGAATTCC TCGAGCCGGG 60 
ATCCATAG6A TGTGGAGTTA GTTTTGTT 

33 A method for detecting differential expression of at leas, one marker 
gene in pre-invasive eancerons breast tissue, said metitod comprising the steps oft 

(a) obteining an abnormal tissue sample by a coilection step wheretn sar 
aboorma, tissue sample comprises substantia.., exclusive., abnormal tissue wbieb 
exhibiu histological or etiological characteristics of pre-invasive cancer, 

(b) isolating mRNA from said abnormal tissue sample; 

(c) preparing a. least one abnormal tissue cDNA tibrar, from said mRNA 
isolated from said abnormal tissue sample; 

<„) obtaining a normal tissue sample from humans either wrth or wrthout 
disease, said normal tissue samp* comprising subsuntia,., exclusivel, norma! tissue 

( e) preparing a, leas, one nomtal tissue cDNA librar, from sard normal 

7 1C; -paring - abnorma, tissue cONA tibrary with said normal tissue 
cDNA tibrar, to determine whefter ft. express of a. leas, one marker gene in sard 
abnormal tissue samp.e is « from * ° f - -» »" " "* 

nonnal tissue sample. m 

34. The method according to Claim 33 wherein said collection step is 

microscopically-directed. 

a) obtaining a subsumtialiy purified marker gene which » expressed <o a 
greater degree in colls co.lec«ed b, a microscopicaily-directeo Coning metimd from 
abnormal tissue man in cells collect from nonnal tissue; 

k) probing tissues using a hybridation technique «o determme whefter the 

marker gene is differentially expressed; and, 

I probing nucteic acids of tissues using a stendard PCR technrque » 
determine fte presence of fte marker gene in a tissue, me presence of fte marker gene 
indicating me presence of pre-invasive cancer. 
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35 SubstantiallypurifiedDNA^ 

the group of sconces consisting of: SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, 
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7. 

36 An expression vector for the differentially expressed polypeptides 
encoded by said substantially purified DNA comprising one of the group of DNA 
sequences of claim 28 operatively linked to at least one control sequence compatible 

with a suitable bacterial host cell. 

37 The vector of claim 36 wherein the DNA encoding the dtfferenfally 
expressed polypeptides encoded by said substantially purified DNA comprising one of 
te group of DNA sequences of claim 28 is linked to a. tot one sequence from 

comprising one of the group of DNA sequences of claim 35 free of proxies other than 
proteins encoded by said substantially purified DNA. 

39 An antibody specifically binding one of the group of polypepttdes 
encoded by one of the nucleotide sequences selected from .he group of seqences 
consisting of: SEQ ID NOtl, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID 
NO-5 SEQIDNO:6,andSEQIDIDNO:7. 

40. Ametinxlofdetectingand/MdeteBnimngsaidantibodyinaKstsantple, 

comprising the steps: 

(a) providing a teat sample suspected of containing sard marker protetn, 
«b) adding a quantity of said marker protein of ctaim 38 to the antibody of 

claim 39; and 

(c) determining a level of said marker protein in said test sample. 

41 . A method of screening compounds for activity in the treatment of breast 

cancer, comprising the steps of: 

(a) ligating a DNA sequence that regulates expression of the BRCA1 gene 
into a vector, the vector having a reporter gene, so that the DNA 
sequence is located such that the DNA sequence regulates express^ of 
the reporter gene; 
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(b) introducing the ligated DNA sequence/reporter gene into a breast cancer 
cell; 

(c) administering a compound to the breast cancer cell; and 

(d) detecting levels of a protein produced by the reporter cell. 

42. The method according to claim 41 wherein the DNA sequence is as 

essentially set forth in SEQ ID NO:48. 

43. The method according to claim 42 wherein the DNA sequence 

is selected from among: 

a. a DNA sequence which hybridizes to SEQ ID NO:48 or fragments 

thereof; and 

b. DNA sequences which but for the degeneracy of the genetic code would 
hybridize to the DNA sequences defined in (a) and (b). 

44. The method according to claim 41 wherein the ligated DNA 
sequence/reporter gene is introduced into the breast cancer cell by cloning the ligated 
DNA sequence/reporter gene into an expression vector and transfecting the breast 
cancer cells with the expression vector. 

45. The method according to claim 44 wherein the DNA sequence is 
essentially set forth in SEQ ID NO:48 or its complementary strands. 

46. A method of producing an indicator compound, comprising the steps of: 

(a) ligating a DNA sequence that regulates expression of the BRCA1 gene 
into a vector, the vector having a reporter gene, so that the DNA 
sequence is located such that the DNA sequence regulates expression of 
the reporter gene; 

(b) introducing the ligated DNA sequence/reporter gene into a breast cancer 
cell; 

(c) administering a biological agent to the breast cancer cell; and 

(d) producing a protein encoded by the reporter gene; and 

(e) reacting the protein encoded by the reporter gene with a compound in 
the reaction media to produce the indicator compound. 

47. The method according to claim 46 wherein the ligated DNA 
sequence/reporter gene is introduced into the breast cancer cell by cloning the ligated 
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DNA sequence/reporter gene into an expression vector and transfecting the breast 
cancer cells with the expression vector. 

48. The method according to claim 46 wherein the DNA sequence is as 
essentially set forth in SEQ ID NO:48 or its complementary strands. 

49. The method according to claim 46 wherein the DNA sequence 

is selected from among: 

a. a DNA sequence which hybridizes to SEQ ID NO:48 or fragments 

thereof; and 

b. DNA sequences which but for the degeneracy of the genetic code would 
hybridize to the DNA sequences defined in (a) and (b). 

50. A method of treating breast cancer in a patient comprising the steps of 
ligating a gene that encodes a protein having an amino acid sequence as essentiauly set 
forth in SEQ ID NO:49 with a promoter capable of inducing expression of the gene in 
a breast cancer cell and introducing the ligated gene into a breast cancer cell. 

51. The method of treating breast cancer described in claim 50 wherein the 
gene has a DNA sequence selected from among: 

a. the DNA sequence as essentially set forth in SEQ ID NO:47 or its 
complementary strands; 

b. a DNA sequence which hybridizes to SEQ ID NO:47 or fragments 

thereof; and 

c. DNA sequences which but for the degeneracy of the genetic code would 
hybridize to the DNA sequences defined in (a) and (b). 

52. The method of treating breast cancer described in claim 50 wherein the 
gene has a DNA sequence having 20-99% homology with SEQ ID NO:47. 

53. The method according to claim 50 wherein the ligated gene is introduced 
into the cell in a viral expression vector. 

54. The method according to claim 50 wherein the breast cancer is gene- 
linked hereditary breast cancer. 

55. The method described in claim 50 wherein the breast cancer is sporadic 

breast cancer. 
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AMENDED CLAIMS v 

original claim * eniaining claims uncha ng e d (8 pages)] 

6 . The method according to Claim 5 wherein said hybridization technique 

comprises RT-PCR. . 

7. The method according to Claim 5 wherein said hybridizauon techmque 

comprises nuclease protection assays. 

8 The method according to Claim 5 wherein said hybridization techmque 
comprises in-situ hybridization of RNA in said abnormal tissue sample and in sari 

normal tissue sample. ^ TA ... 

9 method according to Claim 1 wherein said abnormal cDNA library 

and said normal cDNA library are compared by means of differential display. 

10 The method according to Claim 1 wherein said abnormal cDNA library 
and said normal cDNA library are compared by means of differential screening. 

11. The method according to claim 1, wherein said normal tissue comprises 

normal breast tissue cells. 

12. The method according to claim 1, wherein said abnormal breast tissue 

cells are non-comedo ductal carcinoma in situ cells. 

13 The method according to claim 1, wherein the primer used in the PCR 
amplification technique is selected from the group consisting of randomly selected 
primers having the sequences 

5' -CGC6ACGGCC6CGCGTCTGCCAGGG-3' , 5-CTTGCGCGCATACGCACAAC-3'. 
5' -AACCCTCACCCTAACCCCAA-3' , 5'-C6CCCCTGCGTTACCCTCCCC6CCG-3' , 
5 ' -GGATGGCGTCCTGTAACCCGACGCT-3 ' # 5 ' -ACTGGGCTGTCCTGCGGTGGCGGGG-3' , 
5' -CTGAGAGGTAGCCGCGCGGAGGCTG-3' , 5' -GCCTGGCC6CGACACGGATTACCGC-3' , 
5'-TTAGCGCATGGTG6ACCTGGAGACG-3' , 5 ' -TGTGGTTACGTCAGCGAAGGTAATA-3 , 
5 . .^TCGCACGCATGTCACGCTCCGCC-3. . 5' -TATCCAAGCGGCAGGCTACGAGGCC-3' , 
5' -GGCGCGCCCGACGGTCTGGTATCTA-3' , 5' -CTCCCTCCCCGGACTCGGGGTTAGT-3 , 
5' -ATGCGGGCGGCTCGGGCCTGGTCGC-3' , 5' -CGTGAAGCCTATGCCCTCCCTCAAC-3' , 
5' -GTGCCGTCGTAGCCCTTCAGCGATC-3' , 5' -GCGACACTAGGCTCCCGGA6GAGGG-3' , 

5'-TGGGCCAGGCCTCCGGGCCCGGTAT-3' , 5' -CCGGAACTGCGATAGCGTCCGTCCC-3 , 

5 ' - AGCGGACACCTGTTTCCCGAGAGCC-3 ' , 5'-AACGGGTGGACATCCGCCTGCCGCC-3' , 

5 ' -TGAACCACGATGTCAATCGTCCCGA-3 ' , 5 ' -TCATCCCCGCCGAAAGACGCTCGCC-3' , 

V-ATAGGCTGCGGCACGCGCTGGGACT-3'. 5'-GACCAGGTGCGCACGAGCATGTACA-3 

5'-AGCGTAGTCATCGGCCTTCGCGCCC-3' , 5' -GGCCCCTAGCCCAGGGTGAAGCCCA-V , 

5 ■ -CCCAGTGCTACGGGCCGCCCCAAGC-3 ■ . 5' -CCTTCCTGGGTTACCTGCCCTCGGG-3 , 

5'-CGATGCAAGGCCAGCAGCACTCGAC-3' , 5'-CCCCCGGAGCGGACCACCGGACGTG-3\ 
5 ' -AGCGGGGAGGGATCGGGGGCCAA6C-3 ' , 5' -GCCTGGTGTAGGCAGGCAGCTCTTA-3 
5 ' -CCACCCCTGTAGTGCGGGCTGCGAG-3 ' , 5' -GGAACCCGACGCCCGTCCAGGGTTC-3 . 
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5 ,. TCGG GCAGCAAGGCCGGGACGCTCC-3'. 5 ' -GACGGGGGACGGGCTAGGTGGCTTA-3 

and >'-™~™™^ ng t0 claim 2 , wherein ^ abnormal tissue sample 

is approximately 2 mm in diameter. 

15. A method of diagnosing the presence of pre-invasive breast cancer in 

human pathologic tissues, said method comprising the steps of: 

(a) obtaining an abnormal breast tissue sample by a collection step wherein 
said abnormal breast tissue sample comprises substantially exclusively abnonnal breast 
tissue which exhibits histological or cytologic* characteristics of pre-invasive breast 
cancer* 

' (b) isolating mRNA from said abnormal breast tissue sample; 

(c) preparing at least one abnormal breast tissue cDNA library from saul 
mRNA isolated from said abnormal breast tissue sample; 

(d) obtaining a normal breast tissue sample from humans either w.th or 
without disease, said normal breast tissue sample comprising substantially exclusively 
normal breast tissue which does not exhibit histological or cytologic^ characters 

of pre-invasive breast cancer ; 

(e) preparing at least one normal breast tissue cDNA library from sam 

normal breast tissue sample; and 

(f) comparing said abnormal breast tissue cDNA library wxth saul normal 
tissue cDNA library to determine whether the expression of at least one marker gene 
in said abnormal breast tissue sample is different from the expression of said marker 
gene in said normal breast tissue sample. 

(g) cloning said differentially expressed marker gene using sequence-based 

amplification to create a cloned marker gene; 

(h) sequencing said cloned marker gene; 

(i) producing proteins encoded by said cloned marker gene; 

0) generating antibodies which will recognize said proteins encoded by said 
cloned marker gene by antigen recognition; and 

00 detecting said recognized antigen by means of medical diagnosuc tests. 

16. The method according to claim 15, wherein said medical diagnostic tests 
comprise diagnostic tissue tests. 
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17. The method according to claim 15, wherein said medical diagnostic tests 

comprise X-ray tests. 

18. The method according to claim 15, wherein said medical diagnostic tests 

comprise blood tests. 

19 The method according to claim 15, wherein said sequence-based 

amplification employ, DNA sequences designed to clone marker genes encodmg 
secreted proteins, 

20 The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences designed to Cone marker genes eneodtng 

transcription factors. 

21 The method according to claim 15, wherein said sequence-based 
amplification employs DNA sequences designed to clone marker genes encodmg 
RibRed 

^ 22 The method according to claim 15, wherein said cloned marker genes 
encoding secret proteins are empioyed in one diagnosis of specific diseases by ustng 
a blood test. 

23 The method according to claim 15, wherein said sequence-based 
antpiif.ca.ion employs DNA sequences adapted to clone marker genes which encode cell 
surface proteins. 

24 The method according to claim 15, wherein said proteins encoded by said 
cloned marker comprise cell surface proteins and wherein the presence of said proteins 
as a diagnostic indicator is detected by using a diagnostic imaging test. 

25 A diagnostic method to determine the presence of pre-invasive breast 
cancer using detection of a differentially expressed marker gene, according to claim 15, 
wherein said diagnostic method comprises: 

a) obtaining a substantially purified marker gene which is expressed to a 
greater degree in cells collected by a microscopically-directed cloning method from 
abnormal tissue than in cells collected from normal tissue; 

b) probing tissues using a hybridization technique to determine whether said 
substantially purified marker gene is differentially expressed; and, 

c) probing nucleic acids of tissues using a standard hybidization technique 
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to determine the presence of said substantiality purified marker gene in a tissue, the 
presence of the marker gene indicating the presence of non-comedo DCIS which is pre- 
invasive breast cancer. 

26. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:l, which comprises 

TT0GGAATT6 GGTACGCGGG CCCCCCACTG TGCCGAATTC CTGCATGCGG GGGATCCACT 60 

AGTTCAGAGC AGGCCGCCAC CCGTAGGACT CCAGCTTTTG TTCGTTCCCT TTA6T6A6GG 120 

TTAATTTTCG AGCTTGGCGT AATCATGGTC ATAGCTGTTT CCTGTGTGAA ATTGTTATCC 180 

GCTCACAATT CCACACAACA TAC6AGCCGG AAGCATAAAA GTGTAAAGCC TGGGGTGCCT 240 

AATGAGTGAG CTAACTCACA TTAA 264 

27. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:2, which comprises 

TAGCCCGGTT ATCGAAATAG CCACAGCGCC TCTTCACTAT CAGCAGTACG CCGCCCAGTT 60 

GTACGGACAC GGA 73 . . c . 

28. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:3, which comprises 

TGCCCGATGT GTGTCGTACA ACTGGCGCTG TGGCTGATTT CGATAA «6 

29. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:4, which comprises 

TAGCCCATGA GTTCGTGTCC GTACAACTGG GGCGCTGTGG CTGATTTCGA TANHMWMAGC 60 
ATCAGCCCGA CG 72 

30. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:5, which comprises 

TAGCCCGGTT ATCGAAATCA GCCACAGCGC CTAACTTCTG CAGAAGCCTT T6ACCATCAC 60 
CAGTTGTACG GACACGAACT CATC 84 

31. The method according to claim 25, wherein said substantially purified 
marker gene has the sequence listed according to SEQ ID NO:6, which comprises 

GTGGTTTCCG AAATTCCTCG GAAGGGGGGT GCTGGCGTGT GGAATTGTCG CGGCCCCTGG 60 
TCTGCCGCGG CGTTTTTTGT CTACATTCGT CGTAGCTCG 99 
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32 The mahod according to claim 25, wherein said substantially purified 
maI ker gene has the sequence listed according to SEQ ID NO : 7, which compnses 
„c*c«c .earn- r.ccc,=*cc cccccacca ™»»r,cc nMxa* so 

ATCCATAGGA TGTGGAGTTA GTTTTGTT 

33 A method for delecting differential expression of at least one marker 
gene in preinvasive cancerous breas, tissue, said method comprising tire steps of: 

(a) obtaining an abnormal tissue sample by a collection step wheretn sard 
abnormal tissue sample comprises substantial,, exclusive., abnormal tissue whtch 
exhibits histological or ecological chantcteristics of preinvasive cancer; 

(b) isolating mRNA torn said abnormal tissue sample; 

(e) preparing a. leas, one abnorma! tissue cDNA library from said mRNA 
isolated from said abnormal tissue sample; 

H obtaining a normal tissue samp.e from humans either wrth or wtthou, 
disease, said normal tissue sam P .e comprising substantial,, exclusive,, norma, tissue 

(e) preparing a, ,eas. one norma, tissue cDNA Ubrar, ftom satd normal 

tissue sample; and 

(0 comparing said abnorma, tissue cDNA tibrar, with satd noma, ussu 

cDNA fibrar, » determine whether me expression of at ,eas« one marker gene to satd 

abnorma, tissue sample is different from tire expression of said nwker gene m satd 

normal tissue sample, m g 

34. The melhod according to Cairn 33 wherein said coUecbon step .a 

microscopically-directed. 

„ obtaining a subs^ntia,,, purified marker gene which t, expressed to a 
greater degree in cells coilected b, a microsc*pica,Mirec,ed Coning method from 
abnormal tissue than in cells collected from norma, tissue; 

b) probing tissues using a hybridization technique to determme whether the 

marker gene is differential,, expressed; and, 

1 prying nucleic acids of tissues using a standard PCR techmque to 
define tine presence of the marker ge*e in a tissue, the presence of me marker gene 
indicating the presence of pre-invasive cancer. 
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35. SubstantiallypurifiedDNAhavingthenucleotidesequencesselectedfrom 

• ♦•„„ «f. wo TD NO l SEQ ID NO:2, SEQ ID NO:3, 
the group of seqences consisting of. SEQ ID nu.i, w 

SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and SEQ ID NO:7. 

36 An expression vector for the differentially expressed polypeptides 
encoded by said substantially purified DNA comprising one of the group of DNA 
sequences of claim 28 operative* linked to at least one control sequence compatible 

with a suitable bacterial host cell. 

37 The vector of claim 36 wherein the DNA encoding the differentially 
expressed polypeptides encoded by said substantially purified DNA comprising one of 
the group of DNA sequences of claim 28 is linked to at least one sequence from 

bacteriophage. jnM . 

38 SubstantiallypurifiedpolypeptidesencodeobysubstantiallypunfiedDNA 

comprising one of the group of DNA sequences of claim 35 free of proteins other than 
proteins encoded by said substantially purified DNA. 

39 An antibody specifically binding one of the group of polypeptides 
encoded by one of the nucleotide sequences selected from the group of seqences 
consisting of: SEQ ID NO:l, SEQ ID NO:2, SEQ.ID NO:3, SEQ ID NO:4, SEQ ID 
NO-5 SEQ ID NO:6, and SEQ ID ID NO:7. 

40. A method of detecting and/or determining said antibody in a test sample, 

comprising the steps: 

(a) providing a test sample suspected of containing said marker protein ; 

(b) adding a quantity of said marker protein of claim 38 to the antibody of 
claim 39; and 

(c) determining a level of said marker protein in said test sample. 

41. A method of screening compounds for activity in the treatment of breast 

cancer, comprising the steps of: 

(a) ligating a DNA sequence that regulates expression of the BRCA1 gene 
into a vector, the vector having a reporter gene, so that the DNA 
sequence is located such that the DNA sequence regulates expression of 
the reporter gene; 

(b) introducing the ligateu DNA sequence/reporter gene into a breast cancer 
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cell; 

(c) administering a compound to the breast cancer cell; and 

(d) detecting levels of a protein produced by the reporter cell. 

2 L meL according to claim 41 wherein the DNA seance is as 

essentially set forth in SEQ ID NO:48. 

43 The method according to claim 42 wherein the DNA sequence 

is selected from among: fragments 
a . a DNA sequence which hybridizes to SEQ ID N0.48 or g 

thereof; and , . 

„ DNA sequences which b». for the degeneracy of to genetic code would 

DNA sequence/reporter gene into an expression vec 

greens with, he expression vector. ^ 
45. The method according to claim 44 wnerein 

. . OTO tt\ N o-48 or its complementary strands. 

W ligating a DNA sequence that reguiates express.cn of the BRCA1 gene 
1 a vector, the vector having a reporter gene, so *. the DNA 
se.p.ence is ioeated such that the DNA sequence reguia.es expresston of 
the reporter gene; 

M inttoducingmeugatedDNA sequence/reporter gene into a breast cancer 

cell; . 

(c) administering a bioiogical agen, ,o the breas, cancr ce.1; and 

( d) producing a protein encoded by the reporter gene; and 
Z Long ft. protein encoded by dte teporter gene with a compound . 

the reaction media to produce the indicator compound. 



47 me method according to claim 46 wherein the hga^d DNA 
," „ r ,ene is introduced into me breast cancer cell by elonmg the hgated 
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10 



( 15 



20 



25 



cancer cells with the expression vector. 

48 The melhod according to claim 46 wherein the DNA sequence . as 
essentially set forth in SEQ ID N0.48 or its complementary strands. 

49 The method according to claim 46 wherein the DNA sequence 

is selected from among: 

, a DNA sequence which hybridizes to SEQ ID NO:4 8 , fragments 

thereof; and 

b DNA sequences which but for the degeneracy of the geneuc code would 

hybridize to the DNA sequences defined in (a) and (b). 
50 A method of Bearing breast cancer in a patient comprising the steps of 

L in SEQ ID NO:49 with a promoter capable of inducng expressron of the gene 
a breast cancer cell and introducing the ligated gene into a breast cancer cell. 

T The method of treating breast cancer described in Cairn 50 wherein the 
<»ene has a DNA sequence selected from among: 

gene ha, a jeq^ ^ ^ ^ ^ ^ ^ ^ m ^ „ „ 

complementary strands; 
b. a DNA sequence which hybridizes to SEQ ID NO:47 or fragments 

thereof; and 

c DNA sequences which bu, for the degenesacy of the geneoc code would 
hybridize to the DNA sequences defined in (a) and (b). 

52 tL method of .rearing breast cancer described in claim 50 wherein the 

gene has a DNA sequence having 20-99% homology with SEQ ID NO:47. 

53 Thrmemodaceerding.oclaimSOwhereinoieUga^dgeneisin.roduced 

into the cell in a viral expression vector. 

54. The method according to claim 50 wherein die breast cancer is gene- 

linked hereditary breast cancer. 
55. 

breast cancer. 



ary breast cancer. 

Tne merhod described in claim 50 wherein the breast cancer ts sporad,c 



PCT/US95/00608 

WO 95/19369 



114 

STATEMENT UNDER ARTICLE 19 



Pursuant to Article 19 of the Patent Cooperation Treaty and Rule 46, Applicant 
respectfully submits the attached sheets of amended claims. The sheets are replacement 
sheets for pages 98-105 of the above referenced International application. These sheets 
contain Claims 6-55 of the above referenced international application. New Claims 14, 
16 and 17 have been added to replacement pages 99-100. Additional primers have been 
listed in Claim 13 on replacement pages 98-99. These primers are described in the 
Sequence Listing. Claim 15 has been amended to include steps (j) and (k) on 
replacement page 99. The new claims and the amended claims do not go beyond the 
scope of the application as filed. The remaining replacement sheets include no 
amendments, but are filed to maintain the correct numbering of the claim pages. 
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Human TTCTCCTGACCACTAATGGGAGCCAATTCACAATTCAC 

(ill I 1 I I 1 II I I I I Ml Ml I III I 
Hamster TTCTGTTCACCACTGATGGCAGCTAATGAA--AATGC— . 

Human 

TAAGTGACTAAAGTAAGTTAAACTTGTGTAGACTAAGCA" 
Hamster --UgTGACTCAG----UgTTA GTGTT AGCA 

DCIS-1 GGGGGATCCACTAGTTC--AGAGCAG^ 
Hamster GGGGGATCCACtLtTCTAGAGCGG--^ 
dcis-1 TAGGACTCCAGCTTTTGTTCCCTCTAGTGMGGG]TM 

I I II 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 I II 1 1 

Hamster TGGAGCTCCAGCTTTTGTTCCCTTTAGTGA--GGGTTAA 



Figure 6: Comparison of the sequence between DCIS-1 and the human and hamster 
genes. 
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Amino Acids 



Fig. 8 - Table of the Genetic Code 
Codons 



Alanine 

Cysteine 

Aspartic acid 

Glutamic acid 

Phenylalanine 

Glycine 

Histidine 

I so leucine 

Lysine 

Leucine 

Methionine 

Asparagine 

Prol ine 

Glutamine 

Arginine 

Serine 

Threonine 

Valine 

Tryptophan 

Tyrosine 



Ala 
Cys 
Asp 
Glu 
Phe 
cGly 
" His 
He 
lys 
Leu 
Met 
Asn 
Pro 
Gin 
Arg 
Ser 
Thr 
Val 
Trp 
Tyr 



A 
C 
D 
E 

F 

G 

K 

1 

K 

L 

M 

U 

P 

Q 
R 
S 
T 
V 
V 
Y 



GCA 

UGC 

GAC 

GAA 

UUC 

GGA 

CAC 

AUA 

AAA 

UUA 

AUG 

AAC 

CCA 

CAA 

AGA 

AGC 

ACA 

QUA 

UGG 

UAC 



GCC 
UGU 
GAU 
GAG 

uuu 

CGC 
CAU 



GCG 



GCU 



GGG 



GGU 



AUC 


AUU 








AAG 










UUG 


CUA 


cue 


CUG 


cuu 


AAU 










CCC 


CCG 


ecu 






CAG 










AGG 


CGA 


CGC 


CGG 


CGU 


ACU 


UCA 


UCC 


UCG 


UCU 


ACC 


ACG 


ACU 






GUC 


GUG 


GUU 







UAU 



Figure 8: Table of the Genetic Code. 
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SEO ID NO: 1: (DCIS-1) 

TTGGGAATTG GGTACGCGGG CCCCCCAGTG TCCMAATTC CTGCATCCCG GGGATCCACT 

AGC1TGGCGT SBSS SSHB ESSE HSSS SCAA 
CATACGAGCC GGAAGCA1AA AAG1GTAAGC AATGAG1GAG CTAACTCACA TTAA 

SScScSt ATCG^ATAg'cCACAGCGCG 1CTTCACTAT CAGCAGTACC GCGCCCAGTT 60 
GTA CGG ACA CGG 

TGCCCGATGA GTTGTGTCGT ACAACTGGCG CTGTGGCTGA TTTCGATAA ^ 

?AGCCCA«A GT 1 CGTGT CC ' GT ACAACTGG GGCGCTGTGG CTGA1TTCGA TANNMHHAGC 60 
ATCAGCCCGA CG 

UGCG°CGC?T AT CGAAATC A ' G CCAC AGCGC CTAACTTCTG CAGAAGCCTT TGACCATCAC 60 
CAGTTGTACG GAAACGAACT CATC 



60 
101 



CTGGTTTCCG AAATTCCTG^GGAAGGGGGG TGCTGGCGTG TGGAA77GTC GCGGCCCCTG 
GTCTGCCGCG GCGTTTTTT G1CTACAT7C GTCG7AGCTC G 

aTcaC^C GACATTCGGgNaCCCGCGCC C TCCG TCGGAATTCC TCGAGCCGGG 60 

AT**ATAGGA TGTGGAGTTA GTTTTGTT 



Figure 9: Table of Differentially Expressed Marker Genes From Preinvasive Human 
Breast Tissue 
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Fig. 10A 
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Fig. 12C 
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Pig. 13A 
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